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IHTicODUCTIüN 

Our scientific history contains a considerable 
number of attempts to reach a solution of the problem 
of long range weather forecasting.  The following methods 
and approaches, which are used at the present time (indi- 
vidually or in conjunction with other methods')are the most 
common ones; 1)  Statistical methods; 2)     Consideration 
of periodicity in the changes in meteorological elements; 
3) Consideration of the "peculiarities" in the course of 
long tv-:.rm cvyrres  of changes in meteorological elements; 
4) Consideration of the relationship between changes in 
meteorological elements (phenomena) and changes in solar 
activity;  5)  Consideration of the relationship between 
the formation of certain action centers and the weather 
in various regions of the Northern Hemisphere;  6)  The 
establishment of the pattern of repetition and succession 
of the various types of atmospheric circulation;  7)  The 
analogue method;  8)  The consideration of long waves that 
occur in the troposphere and the consequent weather condi- 
tions on the ground;  9)  The solution of hydrodynamic and 
thermodynamic equations Of the atmosphere. 

We shall briefly examine each one of these approaches 
and methods, •■••.'" 

I•  Statistical Methods of Forecasting. . 
The statistical methods of forecasting appeared be- 

fore other methods since their application required no 
elaboration of the physical aspects of the interrelation- 
ships in the development of macroprocesses. Statistical 
methods in essence are extrapolation methods, based on 
the consideration of the initial condition and the ten- 
dencies. . 
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In order to determine the initial state, various 
methods for representing the macroprocesses are used 
that permit the isolation of-the more pertinent and the 
elimination of the unimportant features of the macro- 
processes. Such determination is achieved through the 
compilation of conglomerate kinematic maps or maps pro- 
viding average values of the meteorological elements, 
which was already mentioned in the preface. 

"Various types of statistical methods are used to 
determine the tendency. German meteorologists, led by 
Bauer, utilized multiple correlation tables for this 
purpose; in the United States autocorrelation methods 
are used in conjunction with a consideration of the 
normal meteorological changes during a period included 
in the forecast.  Occasionally elementary statistical 
data regarding the probability of a preservation of the 
initial state, a change to the opposite,, etc.-, are used. 

Statistical methods also include numerous inves- 
tigations for determining the correlation coefficients 
between the changes of one element at various points 
within the same region and their subsequent changes. 
/See Note7 Such methods were widely used by Bauer for 
Europe, "By Wadsworth in verifying the relationships be- 
tween the situation and the intensity of a series of 
11 semi-cons:tant action centers" and especially by Walker • ' 
in his classic investigation of the relationship -between 
weather elements on the globe and partially for the fore- 
casting of seasonal rains in India.  In the USSR this 
type of investigation was conducted by V. Yu. Vize as 
well as by a number of other scientists. A number of 
important characteristics involved in the circulation 
of the atmosphere and of its individual segments as 
well as certain prognostic relationships were revelaed 
through this method. /Iote7 SuchJ.investigat±ohe also known as "world 
weather,i0na...of the basic Hhd outstanding inadequacies of 
all these investigations and attempts to arrive at a 
solution of the problem of long-range weather forecasts 
is the fact that the relationships established in thismanner 
frequently do not readily lend themselves to a physical 
interpretation and the characteristics of their interre- 
lationships not infrequently .change- with time.  There-. 
fore, a method based exclusively on these relationships 
may not be considered prospective.  This, however, does 
not mean that the application of statistical relation- • 
ships in combination with other, physical, methods could 
not be useful. Examples; of their effective utilization 
in conjunction with a number of methods will be illus- 
trated below. 
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II. Consideration-, ö'f Periodicity in the ..Changes of 
Meteorological Elements. 

This is one of the varieties of a statistical 
approach which is based on the statistical analysis of/ 
prolonged homogeneous pressure records .;.md"^ishahe ->■ •' ,/_in- 
frequehtlv/ of temperature and precipitation at certain 
stations. ; In these cases the purpose is to establish - 
a certain periodicity or recurrence in the variations 
which could then be utilized in the compilation of long 
range^ forecasts for these particular elements., Inves- 
tigations have determined a great variety of different 
types of periods that last anywhere from several days 
to several decades.  The methods that are used in these 
cases, however, such as the harmonic analysis, and 
smoothing not infrequently lead to an establishment of 
periods which do not even exist in nature.  Other dis- 
covered and proven periods turn out to be unstable in 
time which makes it impossible to use them in prognos- 
tication. 

Weickmann's works äs well as that of his succes- 
sors may be included in the same group of .investigations' 
They established so-called points of symmetry in the 
change of pressure on both sides of which the curve 
showing the dependence of pressure on time has a con- 
verse course. A  group of co-workers guided by Weick- 
mann, that is now working in Kissingen, establishes the 
points of symmetry not on the basis of pressure data at 
the different stations but on the basis of data of aver- 
age pressure at several stations situated over an area 
of 500 square kilometers. Despite the application of 
the best statistical procedures in the above investiga- 
tions the authors were unable to evolve a method for 
forecasting points of symmetry for future periods,, 

Bauer conducted an exhaustive statistical inves- 
tigation of the possibilities for-applying methods of 
periodicity and symmetry for the extrapolation of wea- 
ther elements in order to be able to forecast them on 
a long-range basis. He came to the conclusion that 
these methods do not deserve attention or further ef*- 
forts and funds as their prognostic effect does not ex- 
ceed the probability of the preservation of the initial 
values of significance of the meteorological.elements. 
It is apparently difficult not to agree with this con- 
clusion. 

III. Consideration of Peculiarities in the Course of 
Average Many Year /Ijorffiaiy., Curves Depicting Changes in 
Meteorological Elements. '   ] 

A number of investigations indicate that certain 
characteristics of circulation and weather found in 
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various regions occur more1 frequently on the ..same dates 
of a certain month "by comparison with neighboring dates, 
In order to study such dependencies for a number of sta- 
tions in Europe and the eastern part of the Atlantic 
Ocean "normaI"pressure curves at sea level for a five- 
day period were evolved. Despite the fact that these 
five-day curves were evolved to cover an extensive 
number of years certain of their "peculiarities" did 
not smooth out and clearly appeared in the background 
of seasonal tendency.  This indicates the fact that 
the given peculiarity as a rule occurs in individual 
five-day periods which were included in the averaging 

A graph depicting changes in the average five- 
day elements of pressure for several recent months . 
is compiled in the evolution of a prognosis of pres- 
sure for the next five-day period. This graph is en- 
tered on tracing paper and superimposed on an analo- 
gous graph of the normal course of the pressure curve. 
Portions of the normal curve where a coincidence of 
the ridges and valleys with those of the initial curve 
occur are also searched for in this case. Attention 
is usually not devoted at first to the dimensions of 
the curve amplitudes which subsequently is corrected 
by means of additional methods. 

In order to find sections where the curves are 
parallel, it is frequently necessary to displace the 
curves in time. A »peculiarity» located closest to 
the day of prognosis is searched for on the superim- 
posed curves. Subsequently the initial curve is ex- 
trapolated for the n^xt five-day period more or less 
parallel to the normal curve. 

The prognostic value of the average pressuiu for' 
the next five-day period for the given station is ob- 
tained as a result.  Similar operations are conducted 
for every station located in the region that we are 
concerned with in a particular case. As a result a 
prognostic chart of the ground level, pressure for the 
subsequent five-day period was evolved.  This approach 
is at the present time utilized in France and this 
will be described in greater detail in Chapter II. 
paragraph 2. 

IV.  Solar Activity. 
. Section 4 of Chapter II examined in detail the 

problem of solar activity and its role in the develop- 
ment of atmospheric processes.  It indicated that the 
presence of•such a relationship is irrevocably proven 
by a number of investigations. However, the mechanism 
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of the' transfer of such interreactions from the sun 
to the atmosphere is not'yet quite clear. ■ .It there- 
fore follows that in elaborating methods for, long- , 
range weather forecasts; it is necessary to consider 
the role of this factor as well. 

Chapter II also pointed out that it is.incorrect 
to attempt to evolve a method for long-range'and short- 
range weather forecasts on the basis of considering 
this factor alone. In such an approach the activity 
of the atmosphere is placed in complete dependence 
only on the external factor and the regularities 
that are peculiar to the atmosphere itself are not 
taken into consideration. 

However, it is also incorrect to consider that 
almost all of the presently existing methods for 
long-range forecasting of weather even though they 
do recognize the concrete rtole of solar activity 
still do not take it into consideration in the com- 
pilation of forecasts not only quantitatively but 
qualitatively.  This of course may partially be ex- 
plained by the imperfect nature of our knowledge re- 
garding the role of this factor and regarding the 
mechanism of the transmission of solar activities, 
but we also know far from everything about other 
factors.>  .. ..„"."" .' 

It seems to us that at the present time the data 
yielded by observations and investigation of them 
provides the basis for the consideration of this 
factor in all methods of long-range weather fore- 
casting, especially when the matter pertains to 
forecasts for a season, a year, or an epoch. At the 
same time it is necessary to state that in view of 
its exceptional complexity this problem requires an 
extensive program of further investigations in solar 
and atmospheric physics, which was already discussed 
in detail in Chapter II of this book. 

V. Consideration of Relationships Between the State 
of Certain Centers of Atmospheric Activity and Wea- 
ther in Individual Regions of the Northern Hemisphere. 

A big step ahead by comparison with the approach- 
es examined above was the synoptic approach which was 
being developed since 1913 by the Russian school head- 
ed by B. P. Mul-'tanovskiy.  The initial working hypo- 
thesis in this case was the following situation:  the 
weather in a given region is a reflection of the con- 
ditions of the centers of atmospheric activity. For 
the prognostication of weather in the European area 
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of the ySSR special attention was attributed to the 
activities of the'Polar and Azores centers of activ- 
ity. Subsequently it; was established that the char- 
acteristics of their activity are associated With the 
trajectories; of preSauzte formations, the continuity of 
natural synoptic periods and seasons, the occurrence 
and recurrence of various types of macroprocesses. The 
results obtained in this respect formed the basis of 
the synoptic method for long-range weather forecast- 
SfD

w?lc5' until the Present time, is used in the 
UbbE m the central institute of forecasting and 
which will be examined in detail in Chapter VII of 
this book. 

Similar ideas were utilized by Elliot in the 
compilation of his »Type Method" which will be de- 
scribed in Chapter XI. 

71 *  The Typification of Synoptic Processes. 
A number of investigations relating to the prob- 

lem of forecasting were conducted with the goal of 
approaching the elaboration of methods for long-range 
weather forecasts based on a typification of macro- 
synoptic processes observed in the hemisphere or in 
a certain region within it. A considerable portion 
of such typifications xvas examined by us in Chapters 
ill ana lV. There it was pointed out that few of the 
existing typifications were developed to the point of 
being a^method of long-range forecasting,  since the 
regularities in the continuity of established  types -. 
were not clarified in the majority of cases. 'The 
statistical characteristics of continuity, however, 
provided little material for forecasting as the ■■ -o- 
babili-.-jy of the conversion of the initial type into 
any one of the remaining types was frequently almost 
equals 

_ The greatest difficulty which was experienced 
in the utilization of types for the compilation of 
long-range forecasts was the forecast of the type of 
impending processes. The majority of errors in wea- 
ther forecasts compiled on such principles evolves 
specifically from errors in the prognostication of 
the type. 

The utilization of typifications in certain sys- 
tems for long-range weather forecasts will be dis- 
cussed m greater detail in Chapters VIII, X, XI XII 
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VII. Analogues. ,   ' . '.'■■•  _ . ' 
In order io forecast the characteristics of an 

impending macroprocess it Is necessary to reveal the 
basic effect of physical factors, their-role and changes 
in time, inasmuch as at the present moment to fully 
do'this the problem is frequently solved by devious 
means in studying macrosynoptic processes that were 
observed in the past and finding processes among them 
that are analogous to those which are being observed 
in the current season, month or some other period of 
time. In this: case it is commonly,accepted to con- 
sider that as long as two seasons or months wereob-■ 
served to have analogous processes they were analogous 
physical factors that had an analogous effect and 
successiveness.  Therefore it is considered that the 
further development of these initial processes will 
also be analogous.  Then, with a certain degree of 
probability it is possible to assert that those pro- 
cesses which were observed in the analogue years dur- 
ing the period corresponding to the one being prog- 
nostigated will also be observed during the;, year cov- 
ered' by the prognosis under compilation. 

Stich an assertion Of course may not be considered 
as proof. It is known that there are cases where in- 
significant differences In processes occurring in the 
past bring about basically different recurrences in 
the future.  Therefore, the inevitable problem arises 
as to what two processes should be considered as an- 
alogous or what might be considered as a criteria 
for determining the analogous nature of various pro- 
cesses observed during different years. 

Thereare many subjective views and unsolved pro- 
blems in this matter. Some consider that in selecting 
analogues it is necessary to be limited by.a similar-. 
ity that occurs in certain small regions' for which 
the prognosis is being compiled.  Others consider_ 
that along with the similarities in a limited re- 
gion there must also be a similarity in the selected 
analogues for the entire hemisphere,as well. At the 
same time it is required that there be a similarity 
not only for the ground level charts but for the.al- 
titude hemisphere charts as well. Some, consider that 
analogues may be selected on the basis of average 
characteristic processes.  Others hov/ever prefer 
daily data or charts. However, if all these require- 
ments were to be satisfied, then, having a limited 
number of observations /especially altitude data/ it 
will often be almost impossible to select an analogue.' 

A completely new approach to the problem on the 
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selection and utilization of analogues was adopted 
"by G. Ya; Vangengeynr  /see Chapter YIll/. The prin- 
cipal condition 'here: ~isv that in selecting analogues 
not the external points of similarity - a#e considered 
but gemetic ones, i.e. points that reflect the inter- 
nal features of the development of the macroprocesses. 
In this case the main subject pertains to the selec- 
tion of circulation homologs. /See Note/ A condition 
that the processes under comparison must "be analo- 
gous stages of more extensive processes in time and 
space is a condition that must be considered for this 
case. Such conditions are the transformation of 
W, C and E forms over a period of time considerably 
greater than periods for which the homologs are being 
selected. Experience indicates /see  Chapter VIl7 
that with such an approach in selection of analogues 
the latter may be an important auxiliary method in 
the compilation of long-range weather forecasts com- 
piled on the basis of any of the existing methods. 

^Tote7 Homolog - from the Greek word homologous - 
corresponding or similar in its genetic signs'. 

Nevertheless the campilation of a method for 
prognosis only on the basis of analogues may not at 
the present time be considered correct and therefore 
prospective.  It is so far possible to agree with 
an assertion by Namias with regard to this plan on 
the fact that "analogues in the best case are substi- 
tutes for comprehension, and without comprehending 
meteorology it is hardly possible to rise beyond the 
low level of skill which may be attained by using 
the analogue method." 

VIII.  The Consideration of Long Y/aves in the Tropo- 
sphere Layer and the Related Weather Conditions on 
the Ground. 

As alreadjr indicated in the first part of this 
book, during the past fifteen to twenty years our 
knowledge on the three-dimensional structure of the 
general atmospheric circulation has expanded consid- 
erably. At the same time it was indicated that the 
processes and weather conditions observed on the 
basis of ground level charts are very closely asso- 
ciated with the structure of the thermo-preasuelevel 
of the troposphere aloft.  The most important element 
in the chain of these associations is the long waves 
that are observed in altitude charts of the hemis- 
phere and which are associated with the conditions 
of atmospheric centers of activity and with the char- 
acteristics of cyclonic activities in various regions 
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with considerable  diffiSultie? n? «blem-JB  associated 
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the forecasts by means of Sos°e l^T/^Tli^ 
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first of all necessary to become familiar with the 
basic questions of determining the effectiveness of 
methods and criteria involved-in the evaluation of 
long-range forecasts. After that, basic methods 
which are evolved and utilized in ;the USSR will be 
examined in .detail in Chapters VII, VIII and IX 
while Chapters X and XI will consider methods which 
have been developed and are used in the USA. 

Chapter XII will provide a "brief survey of in- 
vestigations and the problems and methods being ex- 
amined which exist in individual;countries of the 
world in order to establish a better understanding 
of the contemporary state, of this.problem and of the 
methods involved in its solution. .. 
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CHAPTER  VIII 

■' ™£ÄHIR0ÜLATIQN METHOD* OFLONG RANGE- 
HH3RQMETEQRQL0GICAL FORECASTS ACCORDIHG^O 

G.  YA.   VANGENGEYM .: ' "'     ; , 

I»     Initial  Principles. 

as folloSs.^n^pJvS^f163  *? COmPli^ a method are 

iations of a staSlstlSal^SÄ Spen^ncTelSbL^S 
on the basis of data for rest^f.^ 2 T L f bhsbed 

associated with the processed»*Se'SSS",^^^ 

by G. Ya.  Vaneeno-pvm  i« IQ\Q       *       '   S'     nd E»   established 
fLst par't ^SeSo?(^LS5hTeS£ifeP

ea?flaed in the 

utilized as  such forms       (%\     SEo  f-A  ChaP*er  3)  ^ay be 
circulation and the contiiuitv K fS^S °£ atm0sP^i° 

^necessa^ ^Ä^fei^ -°"°--    « 

S^ÄSrS* S?o  (^a Be.ife^hl^ia^Ls 
t^Sti'lLf 10^yransethweäthe°; Z/oksl T'   a neles^ 

which permit the consideration «"an ov£-al\ Sfecf oT' 
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the interacting factors.    However,   it  is necessary to 
select analogues not by their external  similarities 
but by their genetic  similarities,   i.e.  according to 
features that reflect  internal  character is tics  in the 
development of the macroprocesses.    Therefore,   the 
matter  at hand here  is the  selection of circulation 
homologs.     (5)     The basis of a method for long-range 
weather forecasts evolved a  short period of  time be- 
fore publication must be formed by.regularities in 
the continuity of elementary synoptic processes  (E.S.P.). 
Inasmuch as the latter processes are  stages of great- 
er  processes of the W,   C,   and E forms the   study of 
regularities in their changes must be conducted in assoc- 
iation v/ith transformations occurring in basic forms 
of atmospheric  circulation.     It therefore follows that 
problems of long range weather  forecasts published well 
in advance or on short notice must be resolved simul- 
taneously and on the basis of  the  same general principal" 
positions. 

II.    Method  of Long Range Forecasts Covering an Exten-   : 

sive Period. :    ~.      :      :    '.    ^        "~ ~* ~~ " 
T~.    Regularities involved in Seasonal  Continuity 

of Forms and the  Associated Heather   Characteristics Over 
the European  Territory of the   USSR. 

The  study of the  continuity in the   seasonal  cir- 
culation was  started with winter  seasons during which the 
processes of  the  W,   C,   or E forms received an anomalous 
development   in January and February.    All winters which 
had   such an anomalous development   involving any one of 
the forms  such as,  for   instance,   the W form were  selected 
for  that purpose.    Then the  Spring  season  (March,   April 
and May)  were  examined  in every one of the   selected years 
and the  type of  circulation that received an anomalous 
development  in every month of the  season was determined. 

Furthermore,   all winters with an anomalous de- 
velopment  of  the easterly circulation were selected from 
these  same numbers of years and the further  development 
of  such easterly circulations was  studied.    The regular- 
ities  in transformations of  the winter meridianal  cir- 
culation were also  established  by. an analogous method. 
The results of the  investigations of  the  continuity of 
winter  circulation are thoroughly examined  in  the fol- 
lowing works:       . 

Vangengeym,   G. Ya..   Opyt  Pvtoieneniva Sinor>- 
-t iche akilch Metodov TT i&iKmgh:i^/i~^ ■■ 
"istike Klimata  (Experience  in  the Applica- 
tion of Synoptic Methods in the Study of the 
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^i?^6-^ of'its Characteristics),  State 
.Publishing House for Hydr^eteorological ■' 
Literature,   Leningrad,   1935;' 

'"  Spg??f^ ?' >'?  ^&LM1 (Works  of 
10/ wo? Hydrol°Slcal Institute),   Issue 

■ grassy ^»W&HHPS^ 

t-ioc f^+J G* Ya.' ?^ngengeym established regülari- 
&S ^continuities of circulation from Spring 
Au^ustT- to lutum^'  aM fr0m *e S—r tfJiy Ind 

. The table given below cites  data resarflinff +v,ö ' 
f?oSSJ^mati;nS  invol^d in circulatLn fha? ofcurs 
indLa^eHha?  ?£T'     ?6  e™a^ of  tlmt°teble xnaxcates  tnat the transformations  occurring in thp 
circulation have the following most common features; 
+n-^garale-SSc'i:ÜESeason durmg which westerlv circula- 
tion received an anomalous  development durinp the 
an ea!tn?4eof^ ^^8 a,|endency to be Replaced by 
fL+\V+

y circulation.   (»)  Processes  of the  eastern 
form that received an anomalous development in a^v o? 
the seasons  that were examined have at endend ?n^2 

A more  detailed  characteristic  of these  tra^ 
formations with the consideration of additional 1" 
ponents and different variants  may be gleaneS fr?m 
the following  table, as well as  from thfsfSorks^ee 

. ue°gral«  i. Geofips.     («ews  of the ^cademTTTf"" 

BBSSBT Uo?R3,^f^Mcal ** °"Ä£ 

heCnrPri
fiC • Rr^fe Institutions  o?. tue Central Administration of the Fvdrometeor- 

ological Service USSR),   Series  IV,lssSe  3, 
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The regularities cited above were derived for 
use in cases where the initial season contained an 
anomalous development of one of the three forms of 
circulation. However, such cases do not encompass 
all types of initial seasons. 

There are frequent cases also, where the two 
forms receive a simultaneous anomalous development 
in the initial season auch as W. and C, W and E, or 
E and C.  In such cases the initial season relates 
to combinations of W + C, V/ + E or E + 0 circulation. 
The successiveness of such circulation from season 
to season was also studied by G. Ya. Vangengeym. The 
results were published in the following works. 

.. Vangengeym, G.- Ya., Trudy GGI (Works of the 
State Hydrological Institute), Issue 10, 
1940. 

Vangengeym, G. Ya., Izvestiya AN USSR, Ser- 
iya Geograf, j Geofiz. (News of the Academy 
of Sciences USSR, Geographical and Geophys- 
ical Series), No. 3, 1941 

', Vangengeym, G. Ya., Trudy NIU GUGMS (Works 
of the Scientific Research Institutions of 
the Central Administration of the Hydrome.. 
teotfoiogical Service USSR), Series IV, Issue 
3, 1941. 

The regularities in the continuity of seasonal 
circulation examined above have a direct prognostic 
significance,as by knowing the type of circulation 
occurring in the initial season and utilizing the 
table given immediately below, it is possible to pro- 
vide a forecast of the type of circulation which will 
receive an anomalous development during the subsequent 
season.  This also resolves the problem of forecast- 
ing the general circulation background (macroprocess) 
of the forthcoming season. 

It is logical to consider that with the presence 
of certain regularities in the development of the 
forms of atmospheric circulation from season to sea- 
son,a regular development of certain weather charac- 
teristics must also take place^which are associated 
with the form of seasonal circulation that was fore- 
cast. For verifying this, as well as in order to ob- 
tain possibilities for shifting the seasonal forecast 
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Charts showing the probability (A)'and the. 
probable values (B) of a positive temperature 
anoaaly during the month of April following 
vanters -with' a' westerly circulation. 
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Probability of-precipitation below norm (C) .and the probable amount of 
precipitation "(D) in April .after winters with westerly circulation«, 

E* p. 

Probability of negative deviations from the norm (E) arid the probable 
extent of the deviation (in days) froa tho norm (F)' for the thawing of 

rivers after printers with westerly circulation* 
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of the macroprocesses to a forecast of the 
weather  conditions,  G. Ya.  Vangengeym con- 
ducted the following  statistical  processing 
of the material  that he  previously used for 
the  compilation of the continuity table 
cited  above.    The nature of such process- 
ing will  be  illustrated on the basis of ah 
example  showing the transformations of the 
western winter  circulation into an eastern- 
Spring-type circulation. 

During all years in which the winter 
was characterized by an anomalous develop- 
ment of westerly circulation April was,  for 
example,   studied with respect to weather 
characteristics observed during that month 
(anomalous temperature and  amount of 
precipitation over  Europe  and the European 
territory of the  USSR)   as well as phenomena 
associated with them   (thawing of rivers, 
the degree of  freezing of  the  Barents Sea, 
and other  phenomena) .    For  that purpose 
the  extent of  the   anomalies at  every 
station was extracted from the  charts de- 
picting the  anomalous  temperatures occurr- 
ing during every April of the  selected 
years.    After  that a compilation was made 
of the number of  instances where,  for 
example,   an anomalous temperature was ob- 
served during April  at  a given station, 
such a compilation was made for  every 
individual   station.    The resulting figure 
was expressed in percentage of  the over  all 
number  of  instances  and the  percentage was 
entered on the blank by the point depict- 
ing the  position of the   station,   after 
which the isograms were drawn. 

A typical  chart depicting the  prob- 
ability of a positively anomalous air 
temperature during April  after winters 
with westerly circulations was derived. 
This chart  is   shown by us as chart  A 
below. 

The chart   indicates that a compara- 
tively large territory  is encompassed by 
the 100$  isogram /See Note-&    The area before 
the 100^ line  indicates the possibility of 
negative  anomalies  in this area during 
April.    Therefore those regions where  the 
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probability of positive anomalies  is less than' 
50%,negative anomalies'are most probable, in 
regions located close to 50$ isogram,temper-   ' ,; 
atures valued clo se to the norm are usually 
observed. 

/Note/ With the  addition of new years 
this probability in certain regions may    . 
diminish  somewhat,while in other  regions its 
probability may increase. 

A chart depicting the probability of 
precipitation below normal for  April was 
compiled in an analogous    manner  (See chart 
C) .    Such a method was also used to produce 
a chart depicting the probability of negative 
deviations from the normal periods for   the 
thawing of rivers.     -See charts C and D; 
shown below.    The  probabilities  close to 
100$ cover an extensive area of the European 
portion of the  USSR on these  charts as well. 
This objectively proves not only the pre- 
sence  in nature of        . regularities in  tins contin- 
uity of the  W,   C,   and E forms  that were  ex- 
amined above,  but  also   the  general  similarity 
Of t> _  years that have become a part of the 
typical  groups.     In addition  to providing a 
possibility of  shifting from a  seasonal  fore- 
cast of the macroprocess to the  forecast  of 
weather   conditions. 

■ Therefore,  using charts A —E as well 
as by using analogous  charts for  the month of 
May,   it  is  possible  to  assert with a great de- 
gree of  certainty that after winters with 
westerly circulation the possibility of an 
early and warm Spring and an  early thawing 
of rivers  in the European part of the  USSR 
is likely.    A lower  level of  precipitation dur- 
ing April  in the  sourthern  portion and over  the 
major  part of the  territory during jj.ay is   also 
probable. 

The charts that were  just  examined 
provide the possibility of  compiling only a 
background forecast,   that  is   a forecast pro- 
viding a value of  the  probable   anomaly.    How- 
ever,  for  practical  purposes  it  is desirable 
to  also  have data regarding the probable de- 
gree of  anomalies.     In connection with that, 
charts  showing probable   degrees of the exam- 
ined anomalies were compiled.    They could be 
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drawn by averaging out the values for  every given 
station on an individual basis for those months 
of April where the anomalies were positive 
and  instances of negative  anomalies  separately 
However,   in that case,  at the  stations where the 
probability of positive anomalies,  for example,   is 
below 100%,   anomalies of  other  values would not be 
reflected in the average values,  whereas they could 
easily exist during the period covered by the fore- 
cast.    Therefore,   probable values of anomalies for 
every station-were, obtained as average values for  all 
those instances that entered into a given typical group 
These charts for  April are  shown under  charts B — F 
above. 

We have  shown charts for only one  spring month 
after winters with westerly circulation.    Charts for ' 
April following winters with easterly circulation 
and winters with meridianal   circulation were drawn 
in an  analogous manner.    They are all   shown  in the 
following work:   Vangengeym,  G. Ya„   Izv.  M SSSP. 
Ser. Geograf,  i qeofiz..   (flews of the  Aeadftnv nf- 
bcLences uöük, geographical  and Geophysical  Series), 

m     Such a  series of  charts for'the European 
territory  of  the   USSR were drawn for forecasting 
weather auring  summer months after   springs with W 
C,   and E types and for the  autumn months after various 
types of   circulation occurring during the  summer   seas- 
on as well  as charts for   instances of initial   seasons 
that  are  characterized by a  combination of  circul- 
ations      This  collection, of charts permits the  accomp- 
lishment of regular forecasts for  the  indicated elem- 
ents and  phenomena fcr  the   Impending  season on   one 
basis  of the form of   circulation characterizing the 
preceding  season. 

in order to verify the  certainty of the given 
method of  forecasting,  G. Ya.  Vangengeym utilized 
the  cited charts  showing  the  probability and probable 
values for   compiling forecasts for  every  season of 
the  past years   (1891  to 1938).    The results of this 
verification are cited  in the following two tables: 
I Please  see tables 2 and 3 below} 
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From these tables It is evident that the average certainty of the 
errors not exceeding ZOfo  of the many-year amplitude is. 77'l>t in the 
forecasts, of precipitation during April which increases the:cer- 
tainty of the weather forecast by 19$.' The methodical effective- 
ness of forecasts covering the month of May. is equal to15?*. 

The effectiveness -of forecasts for the thawing of rivers 
and the degree of freezing of the Barents Sea are close to these 
figures also. .-.■•■ 

Forecasts of temperature anomalies were verified only 
partially. Their certainty for April was equal to 84.8$ and for 
May it was 77.2$. 

The verification of Operational forecasts for 1939 to 
19^2 indicated that their success is close to the data cited above. 

One of the concrete merits of the method being examined is 
the fact.that the certainty of forecasts fluctuates quite insig- 
nificantly from decade to decade. This verifies the stability 
of the relationships in time and consequently the existence of 
possibilities for applying them in the compilation of forecasts 
during different stages of the circulation. 

2. Regularities in the Transformation of the W, C, and S 
Forms and Distribution of Pressure and Temperature Anomalies in 
the Northern Hemisphere. 

In recent years (1952 to 1957) G. Ya. Vangengeym consider- 
ably extended the prognostic relationships that were previously 
obtained, and plotted charts depicting possibilities and probable 
values of pressure anomalies, temperature anomalies and average 
pressure for almost all of the northern hemisphere for everyone 
of the five-month periods that followed a specific initial trans- 
formation of the macroprocesses. 

The principal difference of this stage of investigations 
from the preceding one consists of the fact that the initial type 
of process in this case (W, C or E) is examined along with the 
consideration of Its preceding history, that is, as a stage of more 
protracted transformations of the W, C and E forms. 

We have already indicated on more than one occasion, in 
the first part of the book (See paragraph 1, Chapter III, and 
paragraph 1, Chapter V) that under actual circumstances, the W, 
C and E processes contain differences, the weather characteristics 
of which at various regions may differ from the typical charts 
cited in Chapter III. paragraph 1. The occurrence of these 
differences was explained by the fact that the process of the 
same form may be encountered in a series of different, longer 
transformations in the ¥, C, and E forms, i.e., may be recorded 
by us in the various stages of transformation. 
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It, therefore follows that consideration of the processes 
that precede■the initial one permits a consideration of not only 
the form of the process that received and anomalous development 
but its variety as well, in the selection of the initial situation. 

The initial process (W, C, and E) was determined in the 
following manner. Whe transformations of the W, C, and E forms 
were traced by means of the catalog, and periods of time when one 
of these forms (for instance W) remains stable for not less than 
10 days, were selected. Then it was necessary that the form of ■:.. 
circulation preceding the given process also be stable and remain 
in effect for not less than 10 3ay§. 

Investigations have revealed that if a process taking 
place in a given form remained in effect for over 10 days, it 
most frequently encompassed the major part of the month. There- 
fore, the initial processes and those preceding the initial pro- 
cess may be characterized with average, monthly values of meteo- 
rological elements and of their deviations from the norm. [See 
note]. After analyzing the entire period from I89I to 1956 G. Ya. 
Vangengeym evolved six basic types of initial transformations; 
W that evolved from E, W from C, E from W, E from C, C from W, 
and C from E. Each one of these initial transformations iheluded 
six to twelve instances. In addition to that a series of groups 
were revealed where a combined form of circulation took place 
either during the initial month or during the month preceding the 
initial one 

[Note:] It is necessary to utilize monthly averages as 
all the data pertaining to characterisitcs of the pressure and 
thermal fields for past years are based on months. The plotting 
of charts according to periods of similar circulation is a very 
difficult task and was not accomplished during that stage. 

In all cases the macroprocesses (types W, C, and E) were 
examined in all of the initial situations (for instance, W from 
E) entering into a given group, which occurred in every one of 
the five successive months. It turned out that in all cases of 
a given group certain regularities in the changes among forms 
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W, C, and E are noted from month to month over a 
period of fivesuo^essive-  months.  This permitted 
a statistical processing of data for every., group as 
well as the plotting of a graph showing the/recur^ 
rence (transformation y of the W, C and E forms/dur- 
ing a five month period after the initial condition. 

After that, maps showing average monthly- tem- 
perature anomalies, pressure anomalies and«average 
pressure northern hemisphere for the corresponding 
months in all cases entering into a given group 
were z: aa£b~h&L''•-• It turned out that the charts 
plotted for some of the months preceding the initial 
ones were analogous in their main features. 

The .TTaJL'ueof the anomaly in the various squares 
for each month is determined on the "basis of anomaly 
charts for every incident that entered into a given 
group.  If the entire square or the major part of 
its area is occupied by a positive anomaly then the 
given square will have the sign "+".  If a negative 
anomaly took place then the square contains "-". 
Then the number of plus and minus (+ and -) were 
computed individually in every square and the per- 
centage expressing the total number of instances was 
calculated and entered in the middle of the square. 
Isograms were drawn according to data obtained through 
all these squares. As a result a chart showing the 
probability of positive JCÖr  negativ^," temperature 
anomalies) J3r pressure anomalies.)" £©£• a given month 
was evolved. Such charts were for the month preced- 
ing the initial one or for the initial month as well 
as for every one of the^five months after the initial 
one for a given gruup (^"  from ®7.. 

The statistical processing of the recurrence of 
the W, C'and E forms as well as the distribution of 
anomalies over the hemisphere for the. remaining groups 
of initial conditions M  from C, C from W, C from E, 
E from'C, E from W and" others'). Charts for trans- 
formations of W from E and W"from C are contained in 
works by G. Ya. Vangengeym. 

An examination of all the series of charts indi- 
cates the following: 

1) The distribution of pressure and temperature 
anomalies over the hemisphere within an initial W 
circulation that originated from an E type, and with 
the W that originated from Cyhave concrete differ- 
ences in a number of regions of the hemisphere.  In 
connection with that the course of the further develop- 
ment of macroprocesses during a five-month period 

-25- 



after  the   initial month)   as well  as  the  changes 
from month to. month in the weather  conditions are 
also different*    This  indicates that  in  selecting 
an  initial  condition  it is not enough to   lust  es- 

■tablish the form of circulation.     It  is necessary to 
also  consider  the process, that preceded it. 

2)   Considerable areas  in the northern hemisphere 
are covered by the 100fc probability lines and  those 
close to  it.    This not only provides a basis for  the 
utilization of the resulting charts in compiling 
forecasts.for five months ahead but proves the pres- 
ence of definite regularities in the development of 
W,  C,   and E forms over  a period of five months  after 
the  initial month preceding the condition or   state 
determined   by the  above method. 

■ -■3)  A distribution of pressure and temperature 
anomalies over the hemisphere for the next five 
months clearly  indicates the process and   stages  in- 
volved  in  the  further  transformation of the  initial 
form of  circulation,  regions where    violations" of the 
initial  process first occur. 

4)   Years that form part  of  each group may be  con- 
sidered as homolog-years.    Therefore   if we,   for  in- 
stance,  recorded a T,fresh"  transformation of  W from 

E  in an operational  order   that  arose during a given 
season tnen the  corresponding  series of  charts   Uroup 
W,  from ft)  may be used for  the compilation of  a back- 
ground forecast  for   five months ahead.    HaVing re_ 
vealed which of   the  homolog years most  closely re- 
sembles the  current year,   it  is possible  to utilize 
its charts for  refining this background forecast   in 
those regions of the hemisphere where  the  group charts 
show a probability value considerably below 10 Ö£. 

New prognostic associations for   the hemisphere 
have materially  supplemented the  former associations. 
If thy winter   (January,  February) for-eexäiaple^ is aHa«.~ 
acterized by anr anomalous development of the F form 
of process,   then, according to former  associations 
the    Spring will  be marked by an anomalous develop- 
ment of processes of  the E form.    Such a forecast 
may be made more  precise on the  basis of  the new 
associations.    For that purpose  it  is necessary to 
determine which process <E or  C)   led to the occur- 
rence  in the  past  (i.e.   in December)   of the «.form 
in January.    After  that  a corresponding series of 
charts   (w    f rom E  or W from C)   are  taken as well  as 
graphs  showing the   transformation of W    C    and E forms 
for  the following five months.    Then they are matched 
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for  the  corresponding Spring months with data given 
in the  table on  the continuity of  basic forms of at- 
mospheric  circulation from  season to  season cited 
earlier   in this book.  (Table l) i 

The associations examined  above have  a probable 
character.    Thereforethey may not .always correctly 
indicate either  the development of macroprocesses  in 
the forthcoming months or   the weather  cbaracteristicsfor 
especially those regions where  the  probability is  con- 
siderably below 100%^    ^n other words,   it  is possible 
that when  in the   initial   seasotij  for  instance during 
the Winter,when processes involving the 'W forms are 
developed  in an anomalous manner  and by Spring they 
are replaced not  by the E form,as it  should be ac- 
cording to the regularities  in the  continuity (table 
1  above) 5but by the  C form.     In this case  the dis- 
tribution of temperature  anomalies for precipitation 
and other   elements  in the  forthcoming 
Spring will not correspond to  the type of distribu- 
tion which should have  taken place according to the 
charts cited above.     It therefore follows that  it   is 
necessary to have  additional  criteria which would  permit 
a consideration of  this peculiarity in the  transform- 
ation of  the  circulation during  individual years  that 
are different from the many year   (normal)   scheme of 
continuity;   this  is necessary in addition to the  prog- 
nostic associations examined above.    These  additional 
criteria will be  examined  in detail  later.    Kere we 
devote our  attention only to   the great  significance 
of the probable  associations cited above despite  the 
fact that they do not  always guarantee accurate 
weather  forecasts.     In addition to  the possibility of 
using them  in    compiling a background  seasonal   forecast, 
their  significance also  consists of  the  fact  that they 
indicate  the most  likely  (normal)   trend  in the develop- 
ment of  the macroprocess and the associated weather  con- 
ditions for  the   subsequent   season after   their   specific 
condition  in the  past   season.    Ihe  significance of 
these leading regularities permits the  forecaster   to 
make a proper  evaluation of whether   the transformation 
in the  circulation  in a given  specific   season is 
normal  or abnormal.    For  instance,   let us assume  that 
in the  initial winter   season the W processes were  de- 
veloped and according to  the  supplementary criteria 
(see below)  we obtained an indication of a possibil- 
ity that       by       Spring,processes of  the  C form will 
develop.    This indicates that  in the  given  specific 
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year we are  dealing with an unusual  development of 
the macroprooesses.     In  such .cases  it   is  evidently 
necessary  to conduct an especially thorough analysis 
of all data that would  permit  a forecast  of  the  ex- 
treme  instance Si ;■ 

3;    Consideration of the Peculiarities in the 
Transformation of Forsts   °f Atmospheric Circulation 
During Specif ic ^ears. 

Above, we have pointed out that in utilizing 
the previously examined po ssibillties Of prognostic 
associations there may be  cases where the  character- 
istics of the  transformation of the  seasonal circula- 
tion will differ from the normal  scheme of continuity. 
In order   to be  able to  compile  a forecast of  these 
cases and  also to be  able   to have an opportunity to 
consider  possible deviations from the normal   scheme. 
during specific years where  the processes are develop- 
ing  in a normal direction the following supplementary 
methods  are used1 

a'   The  observation of  characteristics  involved 
in the   exchange of  air  in the northern  hemisphere  as 
well as the consideration of the  interaction among 
processes taking place in its various  sectors. 

b)   A selection of homologs of circulation for 
the processes that are observed over   a period of four 
to five months preceding  the   season covered by the 
forecast. 

•L-et us now' stop on a more detailed examination 
of each one of these additional  criteria. 

In matching charts  showing the distribution ^of 
pressure  anomalies that are  observed under  the W,   G, 
and E forms   (see illustration above)   their main dif- 
ferences may be noted.    The differences between  charts 
showing the W and E forms  are   especially evident   (see 
illustrations above)   where  the distribution of the anomal- 
ies is almost directly opposite:  with the W form the 
lack of air masses and  polar and pre-equi%orial regions 
and the  surplus of  it  in the tropical  regions  is evid- 
ent.     It therefore follows that  in the transformation 
of the W form into an E form a   specific exchange of air 
must take place  in the hemisphere.   -Specifically a  shift- 
ing of air  into pre-polar   and pre-equitorial  latitudes 
and a movement of the  air masses out of  the  subtropical 
regions. 

In order  to present  the nature of air   exchange 
that takes place  in  the hemisphere  with the  transform- 
ation of  the  W form into the E form  in a  clear manner 
the following method   is used;     pressure values de- 
rived from a typical  chart  showing the W form are 
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subtracted from the pressure values from,a typical form E chart. 
The resulting pressure differences are plotted on a blank by as- 
signing it a special sign and lines are: drawn between similar dif- 
ferences (red color means negative, i.e., decreasing pressure, 
and blue color means positive values1, i.e. an increase in the -sur- 
face pressure). This type of chart is called a shart showing 
change in^pressure observed in the transformation of the W form 
into the a form or briefly a chart showing the transformation of 
the w form into the 5 form. This chart is shown as chartG given 
below. Charts showing the transformation of W form into the C 
form (see chart H below) as well as charts for other types of 
transformation (C into E, C into W, E into C, and E into W) were 
also derived in a similar manner [See Note]. 

[Note:] Investigations have shown that in a region where 
there are rising pressure areas, areas of positive anomaly of 
pressure are formed and the opposite takes place in areas of de- 
creasing pressure - a negative anomaly. 

nr +1, T?
1
! 

C^Pa?!to between charts depicting transformation 
of the W to the E form and the W into the C form indicates major 
S2irS?CeS f °nf -?e Sir exchanSe characteristics in the hemis- 
phere these two different types of transformation of the same form 
(see charts G and H given below). Therefore, it follows that, 
if during a .ertain period of time  (for instance a month) proces- 
ses of the w form are observed while the change in pressure from 
* *u 7ay !"■  indicate an expansion of that form in the region 

of the Aleutian Islands and England, a drop over the European 
portion of the USSR and western America, in that case it means 
that the processes of the VT form change in such a manner that they 
will m the future be replaced by the C form. If the pressure 
cnanges correspond to chart G given below showing the changes ■■ 
the surface pressure with a transformation of the ¥ into the E""' 

nl7fJ^Sf^   ff? mea? that Signs ^^ing ^he evolution of a 
new form (E) is taking place in the background of the existing 
process whxch after a period of time will go back to the W form. 

As already indicated in paragraph 1 of Chapter III the 
transformation of processes from one form into another does not 
occur at the same time over the entire hemisphere. Features of a 
new form may at first occur in one part of the hemisphere, then 
due to the interrelationships and interdependences of the process 
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■they may appear in the other regions of the hemis- 
phere after after a period of time. For example in 
the transformation of the W form into the C form the 
high level ridge '■ (olock) may at first occur along the 
Aleutian.Islands meridians and later in the Atlantic 
0 c e an 

According to investigationsi conducted by Namias 
the transfer of disburbancew from the Pacific to the 
Atlantic: Ocean occur approximately on the fifth or 
seventh day. ,    '. \'-;       , 

Therefore "by constantly watching the character- 
istics involved in the exchange of air taking place 
in the hemisphere and comparing it with the trans- 
formation charts, and also after studying the regular- 
ities and interactions of the processes within the 
hemisphere,it is possible to forecast the trend of 
the transformation of the initial form.  That is, 
where the initial form W will become transformed 
into the C form or the E form, etc. A knowledge of 
this has an important hearing, not only for making 
the seasonal scheme showing the continuity of the W, 
C and E forms more detailed and precise, hut also for 
a timely amendment of the forecast already in effect, 
if it proves to he incorrect.  This question will he 
discussed in more detail below. 

At this point we will examine how it is practical- 
ly possible to observe the characteristics of the 
change of air in the hemisphere over prolonged periods 
of time.  This problem could be solved by plotting 
daily isallobar charts. Such a method however is 
unsuitable for analyzing pressure changes over pro- 
longed periods of time ^several months).  The annual 
course in the changes of pressure in this case could 
conceivably overlap the changes in pressure produced 
by a given macroprocess which would not permit the con- 
cone±äei;a*ibn of. .features inherent in the latter that .. 
are peculiar li'o the specific seasons'.  • 

In connection with that G. Ya. Vangengeym pro- 
posed a method for plotting integral curves of daily 
pressure anomalies. They were plotted in the follow- 
ing manner. Daily data pertaining to pressure were 
compared with the monthly norm for e^ch individual 
station and deviations from the norm were determined 
which were then algebraically summarized.  The values 
of these sums were plotted against ordinate axis and 
the days were plotted along the     ;&.axis. A curve 
was drawn along this data which is known as the in- 
tegral curve. During periods when this curve was 
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ping the pressure ^   iCÄ'    K    te*l°PV WSS dr°p- 
to the normal level zero deviations' were Xt»rf^Ure,was e«ual 

sequently the curve followed fcXae parallel"?« S ^y"" 
axis.    The inclination of the curve towards zhe X aS ■■     -, • _ 

£?preZ£V: th6 totenSlty °f *he tacrea^nghSrZd^eas-^i* 
jß°te%    it  is recommended to take  a or> on r» nf' a+-^+--^ 

and to utilize pressure that represents an fverLe for 
every day according to the  data of this CTOUD 

presentazlSf oTpr^sSe^f^Le^In SÄ?* **™**- 

coarse of the curves characterizes only zL Scuxia4Ses of 

station! ^cTisedtn^ozi^zlon o?^^,^ the 

reflet th9 rer"S yie"ed S -"ves'wAorr^czly reflect  the nature of air e^hsntrp  -?r,  4-T^ -ul   *     , ^rrecniy 
occurs during the  tranXmSÄf^W ^^f  *£* 

SSS l°an™  thi •   qUe^i0n l6t" »S °nce  'gain^er  S 
that dL?r A   *       S^Ven ab0ve«    Pr°m them  "  is evident 
thP v; ^JS8*? ^sformation of the W into  the E Sm and 
the W into  the  C Form over lare-e swc, n-r +.wT Jz 1, 

integral  curves It Is n| ural  tnlref^e zo'seSez polnzf 

Sen the   cSnLrr*l0nS °f  th6  areas ™dOT  «aralna?""! 
lzrtheh%nzlntereSorLavW  JLllar8 F"" ""  factor- dimension s  if- will   >S naving  similar  changes and  in  its 

the peripherf of the  indicaJed^egiSns as till P°^S °n 

bined value of the  curves for  tne^se?lc?ed S^t, S SS?" 
case will   satisfactorily characlerfilthe bas?c feature" 
inherent  in the  change of air within the hemisphere lnl4 
circumstances where the W Form chano-P«, »n? ?JfP-n S , 
the W Form changes  into theTpSm S "*■E P°m and 

ations SdSSLfp^r^^L^^d^ SLISST 

that the predominant majority S^hesfpoLts were"1 ScatT 
in the  same regions of the &%iisphere which were already 
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selected as indicative for the transformations of the W 
into the E form and the W into the Q form. 

As indicated: above', (Paragraph I, Chapter III) 
typical pressure charts are plotted on the basis of a 
comparatively limited number of months during which an 
exceptionally strong development of the processes in- 
volving a given form took place.  In order to verify the 
degree of representativeness of the selected points on 
the basis of material that encompasses ail types of pos- 
sible transformations the author conducted the following 
work. Charts showing anomalies of the average monthly 
pressure for all months from 1891'to 1955 were examined. 
A dot chart was plotted by entering the centers of all 
areas with positive and negative anomalies that were 
observed in every one of the indicated charts. Further- 
more the number of dots in every ten degree square was. 
counted and these figures were used to draw the Isograms. 
It turned out that the maximum number of centers was ob- 
served in those regions of the hemisphere which contained 
the dots that were selected earlier on the basis of 
transformation charts used in the plotting of integral 
curves. 

This climatological  processing of the material was 
used to prove the representiveness of the   selected ten 
dots, /See "Tote/ which are   seen  in an  illustration given 
in the~"first  part of this  book.    This  illustration also 
gives a  schematic representation of the basic troughs and 
ridges peculiar  to the W,   C,   and E Porms'in the troposph- 
eric layer.    A comparison ;among them proves that  the major' 
ity of the  dots are situated undrr the   indicated ridges 
and troughs.     It  is therefore Understandable why the 
maximum changes of  pressure and the  predominance  of  the, 
W    C,   and E Forms are observed  specifically in these re^ 
gions of the hemisphere.    They occur  because   it   is  in 
this area that,  when the E Form transforms  into  the  C 
Form,  for  example,   a major  reconstruction of the. fields 
takes place throughout the tropospheric layer   (and ac- 
cording to  the  available data  in the lower  stratosphere) 
which leads to  a     substitution of ridge with a trough 
or  a trough with a ridge.     Inasmuch as  the   surface pres- 
sure'is the weight of  the air  column,.the reconstruction 
of the  high level fields must also  be  inevitably reflect- 
ed  in a change of   surface  pressure which is recorded by a 
corresponding course of  the integral  curves. 

/flote/More precisely,  ten groups of dots. 
Therefore,   it is possible to 'seer-which regions of 

the hemisphere have  a ri sing pressure and which regions 
have a decreasing pressure,on  the basis of  the integral 
curves. 
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ationmcSr?f ^tSTl* °f.these c^s with the transform- 
«?i?? Z~l       (see  charfcs O and H that'arc above     ")   it  is pos- 
sible to form an idea regarding the direction of the 
transformation involving the initial form and also to dP 
termine the regions of She hemisphere wherf the features 
of the new form initially occurred and to observe the 
lllt%ltrZ the3e disturb-ce* into other regions of the 

4-^—n   T?e felection °t circulation homologs.'    In order 
sume^tLl^rifne^r16" ■ °£  se\ectinS homofogs let us L- ?^ o  rf   -JM   necessary to select circulation homolog 
for  a period from October  to February of a certain veal 
For this purpose  it  is necessary:  1)      to  separate the 
continuously occurring macroprocesses  into elementarv 
synpptic processes(E S P  ).    The name of each ESP    is 
established,  and classified according to one of the 
three forms of circulation W,   C,  or 1 by usine tvSirai 
cumulative kenomatic E S P charts that  are  c?tefin 
SSfT^lV?-  0pf.. lV M™^™.stoopflcne skikh 

i L puohemyu-j Khar akter iatrarTn^TFr-TR!^^^,.» 
^^?-AP?liCaiJ-UU Ul   Coptic MethoasTSTKe^tuS of the  Climate and of   its  Characteristics),   State Publishing 
House for Hydrometeoroiogical Literature,  Leningrad    SSI. 

2J   It  is also necessary to plot a graph of  intPo-P*i 
curves fcr the period from October to February of all S 

o?nth.0tw  (Cin difielent c°lo^). A »linear re^JesenStion» 
L^I^/ff \ty?es are graphically represented aloL 

the axis of the abscissa of this graph where thP d«-™ olf 
months are entered.    The periods §oSpl2 Ij the pr?ces^es 
It thP r %T aPe Paj-:uted With a red oolor,  the presset of the C Form are colored blue and the processes of the 
E Form are  colored green. F s 01   tJie 

3)     It  is necessary to  compute the number  of davq 
in every-month (October through February) o°cup?ed 

contlLK'? POmS lt\t0  COmpile    a  sc^me  showing their 
tSSSS irf f^mont???month- Let us assume tha? it rurnea out to be as follows; 

October    November   December   January   February 

W20 Cll ^toE  C into C    ^to  W   C i^ W 
db    5      31 21  10     28 

«* A       
T?6 ^mahei's  below the letters indicate the number 

ii ärgiv^n^ontn!11 the siven form took piace in the ~ 

^- 



4)       By      using a catalogue of the W C E types com- 
uiled for  all days beginning with 1891 to find autumn-winter 
seasons during which a continuity of the W C E types was 
observed  similar  to the one that took place during the pre- 
ceding period  (October to February).. 

MTodefine one of the following transformations: 
W from E,  W from C, E from W, E from C,  etc.,   in 

the  interim between October  to February and to refer to the 
corresponding series of  charts for a given transformation 
which • ^v? discussed  in detail under number 2 of this 
paragraph.    Years that entered into the  corresponding 
group will also be homologs both    in the  initial month and 
in the month preceding the initial one as well as in the 
following months. , 

6) To   match      the homologs selected under  section 
4  this paragraph according to  the course of  the  integral 
curves during the period from October to February and ac- 
cording to  the  continuity of changes taking place  in the 
ESP, noted  in the linear representation of the W C E 
types.    This  is practically done by superimposing the 
graphs plotted on tracing paper for the preceding autumn- 
winter   season over the  analagous graphs of these seasons 
of the preceding years. 

7) To match the year-homolog  selected  in sections 
4 5 and 6 of this outline with a distribution of pressure 
and temperature anomalies in the hemisphere for  every month 
from October  to February which is comparable with the dis- 
tribution of the anomalies in the  initial autumn-winter 
season,  October-February.    Those that best match the 
initial  one  in the distribution of  the  indicated anomalies 
over the hemisphere are reserved for future analysis. 

8)     To  carefully study ^bhe weather   conditions 
(temperature and pressure anomalies); ,   the  predominating 
wind conditions etc.,)   in all  of  the homologs  selected in 
paragraph 7 of this section^ for the region of the hemi- 
sphere for which the   forecast  is being compiled.     In doing 
this  special  attention is directed in that  the degree of 
similarity the weather conditions are observed from October 
to April  in that region and that weather  conditions that 
occurred here during the  corresponding months of the year- 
homologs. 

9)     To anal^.e  an epoch,  8  to 10 years, directly 
preceding the year which includes the  season covered by 
the  forecast.    For that purpose the  course of the  integral 
curves,  the diurnal pressure anomalies for  ten dots and 
the course of  the curves showing the recurrence of the 
W,   C and E Forms and the    z   , M.'i and Mg   types are traced 
on graph paper from the graphs of the many year   course of 
the integral  curves for the  indicated 8 to 10 year  period. 
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Table Ij.*    Certainty of operational, and eliisatological forecasts of 
■        temperature anomalies for. 19hl"19h9» 

r-, ■' llpe&exu 
BOFpeHlHOCTH 

(rpaa.V 

±1 
±2 

OöecnjicHHöcTfc 
oncpaiHSKwx nporwosoB 

.    .'{°/o)       ..*** 

O&cne.sieKHocTf» 
tCJmuaTOjrorHiecKHx 

npor«o30B {*■/<;.) 

. AT 

62 
84 

ao 32 
31 

L +2 

Hs>K b — ceflTJäÖpsJ 

90 79 

Legend : a. Margin_of .error (degrees)| b* Certainty of operational 
forecasts {%)%    e. Certainty of eliffiatological forecasts 
(%);  d. Effectiveness (%)$  e* March-IfayV f « June-SeoteEber« 

Table 5'* . Comparison of the  certainty of operational and climate-. 
logical forecasts for wind direction during March - October 19$7-19k9\ 

AOaycTMMHC'IIOrpe.rJHoCTH 

±1 p'fuB {?, e. 45°) 
Hh2 pyMöÄt, e, 90°) 

K03OS *    "" 

7» 

J03OS   (0/0)   *QJj^       3f|frKTWg- 

onepanotsHxl^,^^ |  "«<** 

64 ■ 
80 
87 

47 
SS 
69 

Legend: a© Permissible forecast errorj b. Forecast certainty (%)$ 
G. Operationall d* Cliniatological; e« Effectiveness of the 
methodj f* tract coincidence! g« Rhumb» 
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Matching the   integral  curves plotted on the  tracing 
paper with the  corresponding many year   integral  curves, 
epochs that are  analagous to the  initial  epoch over   a 
period of 8 to 10 years are found in previous years of, 
the epoch or  even  just for  five to  six years.     The 
year following  such an epoch is considered a homolog 
for the year which includes a  season to be covered 
by the forecast.     It  is usually possible to find 
three to four .such homologs,. 

10).    To once again review the  homologs selected 
in paragraph 8 of this section and to  establish whether 
they include a year or years  selected  in paragraph nine 
of this  section as homologs for  the year.     If  such 
homologs are found they  are especially marked  as  they 
are  analagous  to the  initial  one not  only   in  the  pro- 
cesses of the autumn-winter  season,  but  according to the 
circulation background of the  year which contains the- 
se  seasons,   as well  as according to the  circulation 
background of  the epoch which preceded this year. 

11)     In  the homologs for  the years   selected  in 
paragraph nine of  this section,   the  types of  processes 
and  the weather   conditions during months from October 
to February must be reviewed and matched with such 
processes for the   initial  autumn-winter   season.    The 
'possibility is not  excluded that  some of them are  anal- 
agous even in this  period  of time but were missed  in 
the  preliminary  selection of the  homologs   (stages 3 
to 8) 

'. . '■_£*'   AJIethod. of  Compiling =& JPGrccsi' f or . the-.^Spr ipg 
Below we'wiTT  schematically examine  the' basic 

stages for  compiling a forecast for  the circulation 
and weather   conditions for   the  period from March to 
June using the regularities  in the  continuity of forms 
as well  as additional .criteria,    These basic   stages 
are as follows. 

1) The form of the  Macroprocess   (Type W,   G, 
or E)   which developed  in an anomalous manner  in Janu- 
ary and February Is  determine:!,  on  the basis of the 
breakdown of processes for   October   and February that 
was accomplished.     In our  example these were  processes 
of the westerly  (W)   Form. 

2) On the  basis of  the table  given above  showing 
the  continuity of  basic forms of  atmospheric  circulat- 
ion from  season to   season.the  form of  circulation  is 
determined which should.occur   in the  spring.     In our 
example  after  a winter with the . w Form processes of 
the E Form Y/ill receive  an anomalous development by 
spring  (in April E plus W and  in May  "purely" ELForm.):: 
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are e^lned^o^e^^e^Sffol*^8' PlaCe  ln Öec^er 
westerly ctoöiüatÄÄSÄ  IT* >ise t0  the 

example  it originated  rl^i-lt^l7 and Pebruary. ' In our 
consider  the  tfSslorrnfL^näoS/orw ^T^iy/ ™ 
of the w Form during Jam^y^eigtel-to^S-?;-^1?0^"011 

porcess and the December processes relat P ?n ?itlal m°V0- 
ses that preceded the   init-ia? rmf      mlat\t0  the maqroproces- 
the initial one will bJpebrL^   V^* the m0ntil allowing 
the third will  be ApriJ    the fo^th fiT^ Wil1 be March, will be June. P      *   th    fourth will be May and the fifth 

to the Si??af^ntheinr?h^^S «"nuary corresponds 
to the month before the init^1 h?^C g*°up and December 
distribution of Pressure «S\ ill** Vhe charts showing 
hemisphere for theslm^nthf^taPerature anomalies over the 
charts of theL e?^en?s for the^n??-6? Wlt? gr0up an0fflaly 
preceding the  initS? one of tto  £i^S/°nth and the mon*h 

,ays wiä tSTc-S1! Ä^£^TtS2S.0)& 

one of thesfformt toinf ?SrS2rva Sf^f  °f dayS with e^^ 
June  are determined.    TSI ?orms o?^SnMPril/ May and 

into April   and May are compa?eI wlth^S ^°n that fal1 

that wei.  earlierypredic?X(?LLpapf? 0?^-°*  Ci^ulatio» for  these months accordinAo tSSo?£    7 ?? thls  section 
February (acc(*dfn°  to  fhf ^ o    ?irculation of  January and 
continuity oAlSS fo^To^o^tU^l^   ^^ *to 

season), while the forms ocowrw in TehllT SeaS°n t0 

pared with those actually observe!d^       ^ ^  COm" the current year. "oserved during a given month    of 

for ^S ^t^l^Z^^^^oreoast of  -,m. 
basis of the consideration of c?™n? ,J resolved on the 
below'.    The foreoas? of ?orns S^pK    " homol°6^  (see 
piled on the basis of Soup datf of n»S^-June is corn- 
made more precise with^ai^ °the hSolLr 1S ^ 

winter Ua^Ä^SÄ»"!"8?2 «   ^ •»*»»- which was  ejplii^S In detaif &£* Sele°ts* "7 a method 

every ^WfLlTaLb tl^l^TJ^ ^ °bae"«  *" 
selected in paragrapnVof J™L'"section""»^*he,h0?°l06s 
the homoloe-s are   coinn^P^  «,<+.■£     aec-cion.    At first all 
general  scheme of con?inui?v of ?S S*?*  in b0th the 

March to June and. in ?S ™,!K      
fc5e W'C and E Forms from 

for  everytSntnl ^ °f days with these Processes 
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Let us  suppose that.all   the  homolögs, turned, out 
to be conöordant among themselves.    Then they are com- 
pared with forms that were already forecast for these 
months  in paragraphs 2 and 4 of this  section;    Let us as- 
sume1 that there are  similarities in here äs we'll.     In 
that case,' we'-11. make a deduction that this year  the dev- 
elopment of process from winter to  spring will procede in 
a normal  direction.    Next,   the number  of days  (individ- 
ually for  every form)  which were observed for  example  in 
March of the  homolog years and on the  basis of  the  group 
graphs of the w from the C group  is averaged out.    This 
will  then be the final  forecast for  the number   of days 
with W,   C,   and E Forms for March. 

Ah analagous method  is used to compile the fore- 
cast of forms for   the remaining months up to  June. 

However   in matching comparable homologs with those 
obtained  in paragraphs 2 to 4  of this  section by a prob- 
able forecast, material divergencies may occur.     In that 
case a conclusion  is made that during a given year  the 
processes from winter  to  spring will develop not  in ac- 
cordance with the many years  scheme of. continuity.    We 
are then dealing with an  extremum.    Then the forecast of 
the W,   C,   and E Forms for  every month is  compiled as an 
average number   of days-from all  of  the  selected homologs. 

Her i we give  a preference  to the homologs  as they 
consider  the peculiarities  of  transformations taking place 
in the given years  (from October to February)  which could 
have been evened out  in the  statistical processing of 
instances that entered into typical groups of former  and 
new associations. 

A third variant  is  also possible wherein homologs 
are not   similar  but are divided  into two groups.     One of 
them yields.a continuity that  is analagous to  the one 
covering a many year- period,   and.the other radically dif- 

'-fers from it.     In this exceptionally difficult case the 
first additional  criteria  is used,   that  of considering 
the  interaction of  processes and the nature of  air ex- 
change over  the hemisphere  (see above)  during the month 
directly preceding the one covered by the forecast   (in 
our  case,   February) . 

For  that  purpose the genesis of  the W Form  (for 
February)   are  carefully studied on the basis of integral 
curves of daily pressure anomalies as well as by the 
nature  of the E.  S.P.    Let us   suppose  that  the  processes 
of the  W Form during February are  altered  in  such a man- 
ner that they must be replaced by processes of  C Form in 
March.     After   that  we study the forecast for March on the 
basis of both groups of homologs.    While doing this  in or- 
der  to obtain a final  forecast we dwell  on that group which 
during March was characterised by an anomalous development 
of C Form. 
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horizon).    aurin£  every month  (in quarter   segments of the 

v,0-,,0,
5' T}}? Certainty of the Method and Some Results 

Yielded by the  Verification of Forecast Qual??y. 
The results  yielded by the verificati  n nf  f„M 

sssu-aas's'aa PSs? « SJ-F" 
of the S°tSoda?lee4'   # fS^?WS  that  the  effectiveness 
ical  and cSJoi'n'?   ^difference between methodolog- ical  ana climatological  forecasts)   amounts to 0tfW  W 
during  spring months and to approximated 1?Y Z ^% 

f* jnd  autumn months .    The  o*5aS?y ^oJ^aSonS   SUm' 
flSc?^°6HCf}   forecasts <*  temperature  anSmal?Ss 
ma?ginaofSer^ro? fSf S*  ^ '8* With a ^-«We 
A4 f ?n an S S       f plUs °r minus one degree and  from 
Plut t° Snus'S^egSe^^ ^^«bla^argin of1 error of 

1-hP OP ^°m the table,   table 5  shown above,   it follows 
well  Z *??*? °f metMological  forecasts for windls 
well as for  temperature exceeds  the  ceptairn-t 'rS «-^    4- 

mxnus^two rhumbs   (quarter   segment of thfnori^onfa^ouSts 

The verification of  forecasts for   temperature  «r, 
SS1!In;nPlL^S  ^   baSlS Pf  this methodP?or   S49! 
formulfcited to 2^  nWa^VOOmpllahed according to ™Uia cited in  section three of  chapter   six. 
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Later,   In March,  we  continue  to watch-the ■ character- 
istics of the development  of the macroprocesses  in' the 
hemisphere.     If we will then note that the March C Form 
is changing in such a manner that a type of processes which 
were forecast on a basis of  a given group of homologs occurs 
by April  then the forecast remains in effect,    ih  a contrary 
situation the forecast for  the subsequent month may be altered 
by using another  group of  homologs,if a study in  the chan- 
ges taking place  in the March processes provides a basis for 
the   supposition that homologs of the second group will be 
"active"  in April. " 

It therefore follows that a great advantage of the 
method being examined over  other methods is the fact that 
this method offers a possibility for   compiling forecasts 
well  in advance and also provides a possibility to make them 
more precise on the eve of the following month. 

A positive factor  is  also  that this method permits 
utilization of not only the best homologs but   the  entire 
group of homologs by shifting to another group of them in 
time  if this is required by an analysis of the accuracy 
of the forecast during the   current month.. 

This basically completes the  compilation of a fore- 
casts of the development of macroprocesses  (of the W^C and 
E Forms)  for the period of time covered by such a forecast. 
The next problem is the  compilation of  a forecast for 
weather   characteristics which should occur from-March to 
June in connection.with the W C and E Forms that were fore- 
cast the  successive nature of the changes occurring among 
them. 

7)     By using a series of  charts  showing the pro- 
bability and the probable values ( see charts 'A•*-- F       given 
earlier  in the book)   the distribution of the temperature 
and the precipitation anomalies over  the European terr- 
itory of  the USSR  as well  as  the anomalies of  the  thawing 
of rivers are predicted. 

8)     Using the group charts of the average monthly 
temperature anomalies as well as pressure and mean pres- 
sure anomalies for the hemisphere involving the W from the t 
C group,the distribution of them over  the hemisphere from 
March, April, May, and June are  forecast.    The prognostic 
charts for April  and May are compared for the European 
territory of the  USSR with the forecast compiled under 
paragraph 7 of this  section. 

9)    The weather conditions in the. hemisphere 
within the group of homologs that was adopted  earlier 
(paragraph six of this section)   is studied for forecasting 
the macroprocess.    Then the weather   conditions within the 
homologs    are compared for  every month with a forecast for 
these  same months compiled on  the basis of  charts showing 

-41- 



■pplaS^Qf6?^^^1  t0  JUne g°0d Recasts  con- prisea ^0/0 01   the  total  number of for e> a <*■!-<* ^a-no-fv,~4-~ 
forecasts 38^,  poor forecasts^ 19;C?nl n^ber of fovJ 
casts for the period from .October  to July^s somewS 
lower than from the  period from  4pril  to LJ ^?v - 

?947e?o ISIS £* **?*  ab°Ve>  occ^red^o^he p^iod &* 

were  satisfactory and  26^ were poor. S       '.      ^ 

the Method.Pr0Spectives f0r  the Further Development'of: 

is basefon0«1^?^ t?  ab°Ve **t. the ' e Wned method is oasect on a study of  the  irregularities in the devPinn 
ment of the general circulation of the atanosphSe    on «P~ 
consideration of  the local  synoptic pecSfiarities'o? the 
rS C0V^e?,by the  f0reca^s  and ?f Ss meLoroSgical 
aS ofWriLr Sn a ^orough analysis and  consider"!"1 

ation of  the  characteristics of   the preceding macro- 
processes.    This from our  point of view is  the  ^l1nDi 

P?o£SeeStive ^Ss^o00?31^1?2 th^Lä m^hoTa^1 

the Ksults'oht^LS ?Cl^i0n  is als0   substantiated by 
^2J^I    i*  v       alned  in ^e  practical  application of  this 
method which was already discussed"in detail  abovY 
onlv ac5

The
f,?

rernJ  state of  the method must be considered 
only as a first   stage in  its development.    There  are 
ftill  a considerable number of questions and Sob Jems 
that must  be resolved      The principle  ones arf as follows: 

1) A more detailed breakdown of the forecasts 
according to periods of similar circulation. At the 
present-time, the forecasts are issued in ?he form of 
mean monthly character is tic s of thermal pressurS aSd 
wind fields, A detailed breakdown o? the^lImSL^s ■''" 
accomplished only.on tne basis of ten day period - 
even then without adequate methodical  elaboration.'' There- 
«S^^n^T**?* taSk  1S  the establishment of £! gulariies  m the  development of  the  W,   G,   and-E Forms 
fo?r ???JV ^e^ailed  breakdown of  the forecasts for 
cSation! according to periods of   similar   cir- 

circul«?]or1
COnSid^ati0n °f,the  ^tensity of atmospheric circulation      Basic errors  in the forecasts of temper- 

wiS a^
ai-eS/elate  t0  the deSree of  the anomalies with a relatively  successful forecasting of their  value 

lall S  She°SenTe?CL0f, the fa?*  that with a  corr!ctU?ore- ™  «L       fe e gmeral   (background)   characteristics of  the 
macroprocesses the   intensity of  the  processes are not  !i 
ways  taken into full  consideration!  pr°Cesses are.not  al- 
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Ill    Method  of Long-Range Forecasts for   Short  Periods  in 
Advance. 

Long-range forecasts of  the weather, for  short per- 
iods in advance with the  aid Of the macracirculatipn., method 
were first used beginning  in 1946.    This, met hod, was primar- 
ily based on the utilization of homologs.'..   ...'.'.. 

In the following years M. Kh. Bayd'al, $... A.., Ahiskana, 
L. A. Dydina and others completed a number of investigations 
in  studying the irregularities of the continuity of the 
ESP and the types of weather associated with, them;.    The     . 
results of this investigations were partially generalized 
in Dydina,  L. A.,   0 Printsipakh Sostavleniya Dolgosrochnykh 
Prognozov pogody Maloy Zabiagovremennosti mya Arktik!    Tön 
'the  Principals of   Compiling Extended Weather  .Forecasts for 
the  Arctic Region),   "Water  Transport"  Publishing House, 
1958.     It must  also  be noted that the most. concrete  and 
tangible results of  the  investigations relate to the method 
of forecasting for  the first E. S.  P.,   i.e. the nearest three 
to four days.    As far as the. forecast for the  second and 
third E. S. P.  are  concerned, up to the present time, their 
compilation is based on the utilization of homologs. 

Forecasts for  a period of from 8 to 10 days provide 
a chart  showing the  aver age distribution of pressure for 
every E.S.P.,  the  basic trajectories of cyclones and anticyc- 
lones,   the  -ominant wind directions  (in quarter   sections 
of the horizon),   the degree of wind deviation from the 
dominant directions,   the course of  the  wind during the 8 
to 10 day period covered by the forecast   (the wind data  is 
given at the  beginning,   the middle and at  the  end of  the 
period),   the wind velocity,   course of  the wind by days dur- 
ing the  first three days,-  the predominant  and extre...    air 
temperature  values. 

Forecasts covered in an 8  to 10 day period are reg- 
ularly made more  precise both by compiling three day fore-, 
casts and by means of  an overlap of  the irregular forecasts 
of the last few days of  the preceding forecast period.    Let 
us now examine the regularities that form a basis for   the 
method and we  shall demonstrate how forecasts are  compiled 
on their basis. '-.._,„   '*./"' ■ *.    ^ 1.    A Study of the Regularities in the Continuity of 
the E.S.P.  and the Weather  Conditions Associated with them. 

At the  beginning of  this   chapter   it  was pointed out    • 
that the irregularities inherent  in the  continuity .of the 
E.S.P. which must form a basis for  the  forecasts for   short    • 
periods in advance must  be  studied on the background of 
more extensive transformations of  the W,   C and E Forms;  the 
E.S.P. are the elementary stages of those forms.    Let us 
know ellucidate this principal  in; somewhat  greater  detail.1 

For  this purpose let us select  several Januaries from the 
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catalogue where the   entire month was dominated  by"the   same 
macroprocesses,  for instance of the, W Form,    By comparing 
the E.S.P. with the nature of, their   successiveness ail  of 
which occur during this month we  shall  easily prove  that 
they not   infrequently are quite different.     jTnatural  ques-' 
tion arises - how can it  beexplainei that the  processes 
of the  same form occurring in the  same month can consist 
of different  elementary  stages   (E.S.P.) . 

An investigation of this  problem has indicated that 
the nature of  the E.S.P ...and their  successiveness depend 
on which of the  chains of the more prolonged dominant fea- 
tures, gave rise to the given form. ;Por  instance'in an exa- 
mple examined in Girs,. A.A., ;Meteorol  i Gidrol .'■    (Meteor- 
ology and Hydrology),  No. e,  19bti,  processes of  the w Form 
during January of 1932 arose from processes of  the E Form 
in November and the W plus  C Forms  in December.     Sub- 
sequently,   they   transform  into  the  G Form.     Processes of the 
\i Form in January of 1916.arose from the  W plus  C Forms  in 
November  and  the w plusE Forms  in December,   and transform- 
ed  into E Form.     A scheme  of  these  transformations  is  as 

lorT/w*    N^ember      December        January         February March 
1931/32 E^ ._> W]iif c^..^ wl6 ___> C26 ^C^, W10 

1915/16 ^^v^^6^E8~^^^~-^%7+v--^lf^ 

Therefore the  w1  and W1*   A     4.1,     . 
being analogous macroprocesses  inthelr'SSts?^,-^-1,163 

which they consist,  ar» diffai-ptit »JS^t, <„  tne.*!..S>..P. from 
fron the catalogue or  b, tto rt!?„ h if eas11? seen 
difference in t£ selectionof JhMT?    whST^*    &' 

(see P-^aÄ:    ec^^ef 'Ä % See?! " F°™ 

tures or  both the   processes  that preceded them and tht 
d??fSInt0in^0CrSeS  that  f°ll°wPthem.  dBotro?n^ich  are different  m each case.    Therefore   it  follows that    , 

successiveness Sf SeS*clanges." * ^ m°nth and the 
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Therefore  in  selecting hcmologs for   "small  scale" processes 
we  cannot limit   ourselves • 'to. a comparison of processes 
and weather  chaPäöteristics for  just that  short period of 
time,     it  is necessary to   select at first the'analogous 
processes on a basis of   the general  background,   i.e.  on 
the  basis of more prolonged transformations of the W 0 and 
E Forms  and. only then to find analogous processes1 for 
shorter  periods of   time  (eight: to ten days)  from among 
them. 

Proceeding from this basic  principal,  L.  A. Dydina 
studied the peculiarities of  the   pre'ssur'e fields pnd_ the 
weather' conditions associated with them in the arctic 
region.    On the basis of material  covering a prolonged number 
of years  (from 1939  to  1953)  L.  A. Dydina conducted a 
typification of  the baric field according to the E S P. 
The latter  are   classified  into 16 basic  and nine   sup- 
plementary types,   which are  then classified  into   six 
typical  groups   (a,b,c,d,e,f).    The dominant winds at a 
number  of  stations located in the region covered by the 
forecast  and  its  course from day to day is  shown for   each 
one of these groups. 

Furthermore,  typical groups of the ESP that were 
established were taken as  the  initial  condition and   studied 
as a probability that a given  process will reoccur  in the 
E S P as well  as  a probability that  it  will be replaced 
by every cue of  the other  typical   situations.     As a result 
statistical  characteristics depicting the  continuity of 
the ESP were obtained,, and which are utilized for  fore- 
casting the  type of  processes for  the next E S  P. 

Further   investigations permitted L.  A. Dydina to 
reveal which typical   situation  is most  likely to o  -nr under 
the various forms of  atmospheric  circulations  (  W, C or E) 
and to relate these  typical   situations withthe  characteris- 
tics of more  prolonged ^transcforjaatjioiisor. s of the ES  P and 
W C and E Forms, 

gf    Additional   Criteria Utilized  in Compiling Forecasts for 
■    the First Three Days of   the Forecast  Period, 

In addition to the regularities inherent  in the 
continuity of the E S P and their association with trans- 
formations of the W C and E Forms a number  of  other depend- 
encies obtained by varioa s authors are also used  in com- 
piling forecasts for  the first three to.four days.    With 
the aid of  these additional  criterias  it   is possible to bom- 
pile    a  scheme  showing the  development of  synoptic processes 
for  the  first E S  P  (three to four days)   which may then be 
compare! with, the  forecast   scheme for these  same days, that 
was obtained;on the basis  of other data   (hcmologs, E S P 
continuities on the basis of typical groups) . 

The  additional  criteria  include the following 
dependencies: 



(a)  Distribution of  the. source as of heat an-  nm* 
To1^^ a ^TS»heve   in ^   initial E S P and the?r relat 
iTnlV^lldl3tTlhUt1^ °f baSi° P--3urö fields^ithin 

changes'ot^^^ 

Sllne^mP"^6 °f thS ^ 1-f JeLu,^i^1P 

initial(°\ pdV^^Sn.°f air flows in the troposphere of the 
Sound  i^ii     and  thexr relationship with changes in the 
ground level  pressure during the  subsequent E • 
Qr,*  4-0   (   '   .The mutUal  Position of the horizontal'pressure 
reVttZ^Vo rhf

±e
h
ntS in,the   *"*«* = SP andP?heir 

subsequent S S Pf *^^ in SWfaCe pressUre toinS ** 
(e)     The relationship between pressure change ■* i« 

the troposphere and those  close to the  surTace oj the earth 
«,«,«   • ^    US briefly examine each one of the  indicated associations. j-iiuiodtea 

Distribution of the sources of heat and col ri in +->,« 
troposphere during the initial E a P aSd thS association 
wxth the distribution of basic pressure fielofs In the nex? 
irX* * *   ' Kashin and M.  V.  Gritsenko  investigated the 
iSvS Sp^ff be.tWeen the d&y t0 d^  shift of the groSd 
inTLS   S% Ve  Sy3t!m centers with the distribution o? Sat 
estabMshe^t?6/661?113  in the  troP°^here.    They thereby established that  cyclones usually shift  in the d>Pf.fi^ 
of and under outcrops of heat  in the  troposphere while ?he 
anti-cyclones  shift  in the direction of Ld^de/oJtcrops 

L.  A. Dydina  indicated that   this   inter<äer>endenrp 
ZIciktSlT?» ?Ve^  " Peri0d °f  time  logger   t^sfhours specifically to  incluae an E 3 P.    For this  purpose   she 
heTaS S?^?!Slve ^  Sh0WinS the  -ur^LPn?"ups)   of heat  and cold for  each E S  P for  1948  to 1955.    Furthermore 
?iveTi°o^VtoV^ Pl°tted °n these -aP3 thafwas de!" rived Irora the  surface cumulative map of  the  subsequent 
?*,!    A  .J* tUrned 0ut  that  this  line coincides    well with the position of the demarcation  line  that  was drlwn he 
tween the   sources of  heat and  cold  for  the  ?nIMSVI'P 

As a result of the calculations that were conductei 
it was found that from 70 to 90 % of all SOUPBL of S!f 
ww0l^at.f00 and ^° mb of  ***  taltlii ETP cor?espoSd 
SSI IrT^L^ fTnd level C7Clonic '^d -"-"; 
wc*k o/XpgfirJ^aSs^ thlTr?ey£lSSl^Sive 
pressure fields which had coincident  symbols indicated that 
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absolute coincidence among them amounted to 65$. 
Advective exchange of air masses  in the tropo- 

sphere and the  changes of   surface pressure in the initial 
ESP and their relationships with the  characteristics of." ■■ 
the upper pressure field of  the next E S P. '   N. A,.''An-iskina 
determined that  those parts of the upper Pressure'■field 
of the  initial ESP where an advective exchange of .heat  is 
observed  in the troposphere with an increasing pressure on 
the ground  surface the  subsequent ESP    includes the for- 
mation of an. upper  trough or a  intensification of a. trough 
that  already existed  there.    The certainty of this  inter- 
dependence  amounts to 70$.     If  the  increase  (decrease)   of 
pressure at ground level however,  during the  initial ESP 
corresponds to    an advective exchange of cold (hot)   air 
at the upper level then by the next E S P the upper 500 
mb field will  change  in 63$ of  the.cases within plus or 
minus five decameters and in 37$ of the cases it will".... 
change more  than plus or minus 5 decameters. 

Such a dependence is  explained by the fact that 
in a case where there   is  an  advective exchange of heat  in 
a dynamic  increase at ground level pressure,  both these 
factors are conducive to an   increase  in pressure  aloft. 
-L*e.,   to a intensification (or the occurrance of a new) 
ridge in the next ESP. 

In r»n analogous manner when there  is advective 
exchange  in the troposphere  and  a dynamic drop of ground 
level  pressure   conditions that  are  conducive to  the deep- 
ening of the   existing trough or the o.ecurrance of a new 
one in the next E S P are created. 

Advective exchange, in the  troposphere  of  the  initial 
T. S P   and their relationship with the  changes, in- r..,. face 
pressure during the   subsequent E S  P.    N.  A.  Aniskina and 
L. /■-. Dydina  in analysing the data for 1939  to 1950   (  for 
Jjune to October)  for the Atlantic-Eurasian sector, deter- 
mined the  following rule:   if the   initial ESP  includes   : 
a simultaneous combination of the advective exchange öf 
heat   (advective exchange of cold)   at the 500 to 1000 mb 
level and a divergence  (convergence)   of isohypses at a level 
of 700 mb then the following ESP will   include a decrease 
(increase)  of  surface pressure  in this region in 92$ of 

Individual   studies of the advective factors  indicated 
the foll-ö'..ring: 

(1).   In 67$ of the cases after  an advective exchange 
of heat  (cOld)   during the  initial E S P,   a decrease   (increase) 
in surface pressure in that region is observed during the 
next ESP.     In 24$ of the cases  such a relationship  is not 
observed and  in 9$ of the cases in the next E S P does not 
change; 



\   ^~L  In 80^ of the  cases after  a convergence  (diver- 
f£SSL2l*S? iS°?PSe dUring thß  initial E s * ** dBe^ase 
d£?J£ ttl ?£1f

?r?aoe^e5supe-ln a given region is observed during the following ESP.    m 15$ of the  cases  such a 
corresponding,reaction is not observed and in M of the 
cases the pressure remains unchanged. '   ~, 

Relative position of horizontal pressure and  tem- 
perature gradients in the initial E s P and thei? relat- 
ionship with changes of surface pressure during the next 
L?Q?.\    T!.

A
V^lskina and L. A. Dydina investigated the 

relationship between the position of  temperature PTadient 
obtained from a 500 to ÜO00 mb chart,  o/tte ^esfu^e 
gradient on the surface during the  initial E S P on the 
basis of material from 1939 to 1950 with changes in surface 
^SSaT?^±nß tht nejt E S P-     Xt speared that  in 85/o of the cases when the  initial ESP contained a tem- 
perature gradient which deviated  to the rieht   (left)   of 
the pressure gradient a decrease   (increase! in surface 
pressure was observed  in these regions in the next ESP 

4-v,^ ~    Jhe relationships between pressure  chane-es in  the 
troposphere and by .the   surface  of  the earth      I    P 
Malykh indicated that during the  period olt'he development 
of pressure formations the magnitude of  the change  in 
the absolute gerapotential  of  the pressure  surfaces ?n 

atTL^Vsoo^^ UP'    The °^es attainaaemaxi;um «Jinr,: ?    JOOmb.     m cases where   the  pressure form- 
ations are destroyed  the magnitude of the  chance  in the 
absolute gerapotential decreases with altitude6    The 

2oS™.ChanSeS  in thiS °aSe are ^corded at  a'level  of 

or weakening^ pressure f»mStlSS^^aS^f^Siwd 
by the relationships between  change  and  altitude"between 

efSfof^  "boated abive may be "^suSS^s 
in toe next % X  P 

fu^e development  of  these formations 
xn zne next ESP.    For  that purpose cases of deenenirn- 
cyclones and intensifying anticyclones .wSere th|PcLnfes 
in pressure are close to the  surface of the  earth whert 
less than those at altitudes of 500 mbs   (cumulative   cWes 
were examined).    Then the evolution of thesS preside      g 

formations in the next E S P were  studied.    uScayW 
s™  o?6!^ Weak?ning a^icyclQ^ai whi^ had ayStal 
sum of pressure changes close to the ground greater than 
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It  turned out that   in 75f0 of all  cases   (out  of 31cases) 
of cyclones and 84$ of all  cases  (out of 31)   anti-cyclones 
changes in pressure formations that 'began to', take  shape  in 
the first•• E. S P where preserved in the ne&t.E'S P    as well. 

Therefore this rule may be used in foreca.sting the 
evolution of  clearly expressed, pressure formations, for  the 
next-ESP period. 

3,.    Method for Selecting Homologe. 

As already indicated above,in compiling forecasts for 
a period of ten to eight days on the basis of a macrocircul- 
ation method the circulation homologs are also used. There- 
fore let us examine in somewhat greater detail the method of 
selecting homolog s for an extended forecast. 

Let us assume that we must   compile a forecast for  a 
period of from 1  to 10 August  of  some year ,     in'that  case 
the  initial processes for   the forecast will be those observed 
in the third to ten day period of July.    Selection of homo- 
logs for these processes may be represented as follows: 

(1) A breakdown of the processes into E S P for 
June and July  is made on the basis  of diurnal  charts of the 
hemisphere   in every one of  the ESP are  classified as a 
certain form of  circulation   (W.C or E) .    Let Us  assume that 
during Ju"y processes of  the G Form were observed for 
31 days   (C-3'l) . 

(2) A ten point  integral  curve graph is. plotted for 
June and July in which the ESP and the W^C E types are 
shown along the  x-axis. 

(3) The form c^ circulation which was forecast for 
August   in the  long range forecast is taken  into  a _,ider- 
ation.    Let us assume  that  an anomalous development  of 
processes of the E Form were forecast for  August.     In that 
case the processes of the first ten days of August covered 
by the forecast must develop on the background, of the fol- 
lowing more protracted transformations of the W.^C E Forms: 

June July August 
W,~ -^  C     - —------->E 

(4) The catalogue is used to find  instances that 
.occurred  in past   years where  an analogous  sequence of 
circulation forms and an analogous course of curves during 
June  and July were observed. 

(5) The ESP for  the  third ten day period of  July 
is carefully analysed for   the nature of the macroprocess in 
the hemisphere  and in the forecast region.    At the   same time 
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r" lS ^Z^nGd WKiCh ,type 0f Pres^e field   (accords to 
bero;eDSenfo,eca7st: ^^ t0 **-. 1&St E S P that 0-^ed 
•p <, P (,«^iii-i^tSie *\e£ularities and the continuity of the 
E S P established in the book entitled "On the M.ML S 
Compiling Extended Weather Forecasts for thelrc?S ReSon» 
"Water Transport  Publishing House 1958".    S  is decided whirh 

tLPefirsr°Cr? 5 tbfVT reS,l0n iS ^ -"t'prob'ile^dSing ^ns iirst ._,  S  P of the forecast  period which was wpvim QI ^ 
th^eCf P ?n the basif of da*a regarding tne contfnult^o^ the ESP  (according to L.  A. Dydina) . " 
fnw  J^.   Pe™ses during the third ten day period in Julv 
for  all homologs are analysed and  those homologs are found 
JnETXt^ ?? ?ay Peri°d haVe been obslrvS to cSn- tain ESP which closely resembles those in the initial   ttn 

day period both in their  characteristics and their   success 
iveness  in the hemisphere and  in the forecast fellor. well 

(7      Those homologs  selected under paramSh  six o? 
this  section which.in the f 3r st E S  P of the f^ ecast  Se?iod 
fot^F6 °f macr°P^cesses  in the hemisphere anl  2 the 
SSsTs ff. ? T1-*1 H anal°S°us t0 the one ouStoedTor tiiis ESP on a basis of  a scheme of continuity and nd 
ditional  criterias,   (see paragraph five o?lml sSctfon) 
The homologs  selected  in thismamer are ut nil el? or She 
P^i1^1?? °/ a f°recasb fw the nature of weather  Lo- 
eLh?Sto tLff the ^rsb  three t0 four da?s andfrP    e eigne to ten day period. 

"^%^SCll?me f0r' the   ampliation of forecasts for  a Three 
to pour Bay Period  and an Sight  to Ten Day Period? 

processer^wSher f^ll^V^*^ * °? ^°PtiC 

. by day detailed forecast%5^?nfktst^eLeeayd^s10dy1La 4*7 

described  in terms of  the following basic  stages!      7 

cont^ns th/?^?riCef eS^°CCUrring dUrlnS the m0nth which contc^ ns the  initial   ten day period  and those  contained 
a?ione*Se?rding m°n^h are  anal^e*.    The form oTcircul- 
at tLt  ttoe6 T^er^VenJ3S-°f the E S P are established az tnat  time.    The form of   circulation during the month ron 
rJvSinfpomethJn

P
d?y H1?  C0V6red b? the forecast   is de! rivei from the extended forecast. 

nf  ..      
(2).  Jhe type of process  during the first E  S P    ' 

of the period  covered by  the forecast  is determined on the 
basis  of  schemes  showing the  continuity of  t£ Ts P and 
also  on the basis of  additional  criteria. 

(3)     The homologs are selected. 
^      4.[4)     The 6r0uP of  homologs  selected under   steo ^ 

above the weather   conditions  in the region" Sve?el ?y ?he 
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forecast are analysed, on the basis of data from representative 
weather  stations.     At that time-the predominant wind direct- 
ions are esbabli shed as well  as the most:likely wind, dev- 
iations, in every section of   the region are; determined /jsee 
Note/as well as the wind velocities and possible wind velo- 
city limits, •.    : 

/Hote/Sections of   the region are determined on the 
basis or a "similarity in the  process  and in the weather, 
They alternate from forecast to forecast.  • ■-... 

For this  purpo se it is  convenient to use complex 
graphs /See Note/showing the course Of meteorological elements 
from period  to period which must be compiled., for every 
weather   station  in the region for  all months of the avail- 
able number  of years.    Examining such graphs  (they are usually 
compiled on especially lined paper)  for  all homologs for 
a given month it  is usually easy to reveal  typical  features 
."inthe course of the meteorological developments during the 
eight to ten day period for  the  entire group. 

/Hote/The complex graph show.s the course of  the 
temperaTiure~~and pressure diurnally in the form of  curves 
as well  as  in the weather  characteristics with the  aid 
of common  synoptic   symbols. 

As a  result of   this analysis a weather  forecast  for 
the   individual  sections of   the regions  included in the 
forecast   is compiled. 

(5) The  course of   the wind from day to   day during 
the first three to four days of the forecast period is 
analysed in detail.    For  that purpose  in addition to a   study 
of the homologs  statistical  data regarding the recurrence 
of different directions and velocities of the wind  at 
stations located within  the region covered by. thr   "ore- 
cast  under  every type  of processes which are contained  in 
a work by L.  A. Dydina are utilized.     As a result  a de-; 
tailed forecast for  the wind for  the first three days  cover- 
ed by the forecast  is compiled. 

(6) Qh the basis of data yielded by the group of 
homologs charts, showing distribution of pressure  in  every 
E S P forecast period are' compiled.     If the neighboring 
ESP are analogous in the distribution of the pressure field 
a single prognostic  chart may be  compiled for  them. 

(7) Cumulative kinematic  charts of  all  homologs 
contained in ten day periods that correspond to  the ten 
day period covered by the forecast are analysed.    At the 
same  time,   the most likely courses for  the movements of 
cyclones and anticyclones   in the region on the basis of 
which the forecast  is being  compiled are determined.'   They 
are marked as arrows on the corresponding prognostic 
charts of average pressure. 

-51- 



(8)     Forecast  of  wind  is   an own ,in a visual  form  in 
the following manner.    Small circles are drawn on the  Geo- 
graphical..base that include a certain area of the region co- 
vered by the forecast.    Within that circle' there are two or 
three additional   smaller  circles.     Part of   the predominant 
winds are differentiated  in  the form of  a  sector  and colored 
with a red color.    A portion where wind deviations are ex- 
pected are  colored green.    The forecast of the beginning' 
of the period  (two to three days)   is expressed in the circle 
closest to the center,  the one for  the middle of the period 
- m the central circle,   and the one for  the end of  the 
period - in the outside circle.    The prognostic gradations of 
wind velocity the limits of its intensification and also 
the predominant and  the extreme temperature values are enter- 
ed by every sector on this chart.    During the period of the 
forecast the actual wind directions for every region   (socle) 
is entered on these colored  sectors with dots.    The data is 
derived from  the meteorological  dispatches for four  fore- 
casts.    The dots atfe, placed  in that radius which represents 
the wind direction that  corresponded  to the one observed 
during  the given period.    These charts are then used to  com- 
pute  the number of dots that  appear  in the forecast   sectors" 
and the percentage of  correct forecasts are then determined. 

..•5-..     Certain Data on the Effectiveness of  the Method  and 
the eorrectness of Extended Forecasts. 

The verification of  extended forecasts for   a period 
from 1954 to 1956  indicated that  forecasts of  the  pressure 
field for  periods of  eight  to ten days were correct   in 73$ 
of the   cases.    The average correctness of   the forecasts 
for the wind direction for   the period from 1953  to 1956 
amounted to  66$.    The certainty of  climatological  forecasts 
on the  predominant wind directions on a quarterly basis   ( 
for   ten day periods)   amounted  to 59$.     Consequently,   the 
effectiveness of   the method  as appliüd to the  given  element 
amounts to 7$.    This  same method for forecasting temperature 
of the air  has a somewhat higher  effectiveness  (12 to 15$). 

6 .    Prospective^ for  Further Development  of   the Method. 

Development of   the extended forecast method is  in 
many ways associated with our knowledge of  the forms of 
atmospheric  circulation as processes taking place within 
the hemisphere and regularitesinherent  in their transform- 
ation.    Therefore,  the  basic task  is a multi-lateral   study 
of the regularities  involved in the continuity pattern  of' 
the E S P  as the elementary stages of the more extensive 
processes   (w C and E Forms). 
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An  important  taslj also   is  the proper, consideration of 
the   intensity .of  the processes, .and primarily ;the intensity of 
the presswe-ähd'thermal'fields With which the degree of  cy- 
clonic  activities  is closely associated.   :.,• . 

Of considerable  importance is also the consideration of 
local  synoptic and orographic peculiarities of the region which 
is covered  oythe forecast. 
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CHAPTER  XII 

A SUR-VEY  OP METHODS  AND   INVESTIGATIONS 
IN THE  PROBLEM OP LONG-RANGE 'FORECAST- 
ING   IN  THE  VARIOUS  COUNTRIES  OP ^HE 
WORLD 

^ In the preceding chapters  of the   second part of the 
book,^methods for  long range weather  forecasting presently 
used in the  USSR and the  USA by the  official weather  service 
agencies of these countries,  were examined.    The indicated 
methods represent more or less formulated viewpoints that 
proceed" from certain principals and have certain operational 
methods that permit  irregular compilation of weather  fore- 
casts for  various periods of time.    These methods also have 
certain advantages over  the utilization of climatologlcal 
norms as forecast  values which provides a basis to use  them 
in practice.    They are   all  to a degree based on  the repular- 
lties of the  general  circulation of the  atmosphere.     As a 
rule  in the  analysis and forecast  compilation by these methods 
synoptic  and upper level  charts of the northern hemisphere 
ar e us ed. 

4-v, ^   ?*■ ^dditi0n to  th-e  indicated more  or  less formulated 
methodological   systems a number  of countries utilize various 
types of prognostic relationships  that with a  certain depree 
of   success permit the  forecasting of weather  or   of  its 
various  individual  elements.    These methodological   systems 
as a rule  contain certain  individual methods that were 
examined  in the  introduction to the  second part of this 
book.    They may not be  called formulated methodological 
systems even  though in a number  of cases they may permit 
the  compilation of forecasts that  to  a certain degree  sat- 
isfy the   interests of certain  sections of  the economy o^ 
specific  end users.     Other  countries have not evsri develop- 
ed these  types of  prognostic relationships and at the 
present  time  are  conducting only certain  investigations  in 
that direction. 

In this  chapter we will devote our  attention to  a 
brief  survey of   such methods and approaches assuming that 
this will provide the reader  with the possibility of  gain- 
ing a better  understanding of the contemporary state of 
the  problem under  examination on the world  scale. 

I.  Federal Republic of   Germany 
„ As already pointed out   in  the   introduction  in 
Germany beginning with 1929  investigations were  conducted 
5orJhe P^P03? °f  evolving methods for  long-range weather 
forecasting under the direction of Baur.    A  special   in- 
stitute was  established for   that purpose. 

-5^- 



Beginning.with 1932,  the  institute of long-range weather  fore- 
casting is sued for ecästs for 10.day periods  in July and Aug- 
ust  and beginning with 1937 they issued forecasts covering 
the period from June to September.    Forecasts covering a 
month and a  season were also   issued*    Methodological  basis 
for  these Tore casts are described in a monograph entitled 
Baur.  F..  Meteorologische  Zeitschrift,  54,437-444,1957  as 
well as in an article by Baur  in the Compendium for Meteor- 
ology for  1951. ■ Below we will briefly stop on the examin- 
ation of the  principal basis of • the  indicated methods and we 
will also examine how  forecasts; are  compiled with their aid. 

In the first, stages of  the  investigations Baur at- 
tempted to  solve the problem of forecasting by a purely stat- 
istical method.    For  that purpose he  searched for  various 
types of associations of changes in the meteorological  elem- 
ents  in one region and the  changes  in meteorological  elem- 
ents in other regions of  the northern hemisphere during the 
preceding period  of  time:.    The resulting relationships^ 
were used as a basis for  formulating  seasonal and monthly 
forecasts.     In addition to that,   a large number  of corelat- 
ion co-efficients were found that  indicated a association be- 
tween a subsequent change in pressure at some meteorological 
station and  the value of  a number  of elements which have a 
direct bearing on the pressure during the preceding 10 day 
period.     In  "hat manner multiple correlation tables were 
compiled with the aid of  a chart which was drawn  showing the 
probable distribution of  surface pressure  for   the next 10- 
day period.    With the  aid of analogues selected for the 
preceding 10 day period the  indicated probable forecast was 
made  somewhat more precise. 

The utilization of  such methodological  appro?,..   3s d.10. 
not    however,   lead to effective prognostic results especial- 
ly with regard to   seasonal and monthly forecasts.     In  con- 
nection with this the   subsequent methodology of  10-day fore- 
casts was perfected by using  iro-synoptic  investigations 
and first  of  all by an understanding of   the macrosynoptic 
situation,   (Crosswetterlage)   which was already mentioned   in 
section 2,   chapter  4  in the  examination of   Baur's typific- 

In  studying the macrosynoptic  situation and factors 
that determine  its changes  Baur  came  to  the  conclusion that 
of the great number  of  terrestrial and cosmic factors, 
volcanic  eruptions,   polar   seas,   ocean  currents,   the   in- 
fluence Of  the moon,   the motion of the  pole  and  solar act- 
ivity.    Solar activity alone has material   significance that 
is associated with changes  in the ultra-violet and corpus- 
cular   solar radiation.    According to  Baur    ^ctuations  in 
solar radiation represent  sets of conditions that direct the 
course of the weather  on a large scale.    Therefore,  one of 
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the main premises for   success  in long-range forecasting  is 
an intensive development of   solar physics^.''/ 

In addition to that considering that  in order  to ar- 
rive at  a  solution of  the  problem of long-range weather 
forecasts the   combination of   synoptic and  statistical 
methods are  of great  Importance,   Baur conducted a typif ic- 
ation of macroprocesses and  established 17  types of macro 
conditions for  the European region.    The further  task  is 
the determination of  seasonal recurrence of these types and 
their  continuity for   the   consideration of mutual   influences 
of the  circulations taking place  in neighboring .regions. 
Baur also  considers that a clear resolution of these prob- 
lems has a incomparably greater   significance for long- 
range forecasting especially for mean forecasts than the 
numerous harmonic and rhythmic analysis undertaken in 
many institutes." 

For the purpose of compiling forecasts for five day 
periods Baur utilized multiple ^©owfelateMpn tables and the 
results were conducted by Scherhag on the dependence be- 
tween the distribution of  surface pressure  and the 
movement  of three and 24 hour   isallobaric   sources,   the 
characteristics of upper  currents and  their convergance 
peculiarities at   surfaces of 500 and 225 mb. 

Let us examine  these  two methods  in  somewhat 
greater detail.     In order to compile multiple   ö6rrölä&Eön 
tables wl.ich could be used for  forecasting  pressure 
changes  Baur  proceeds from the  expression for 

J^K ^iv^ -v 
R Here dlv2   v-is  the horizontal velocity divergence k.-^.. 

©.2884  dg _ amount of heat obtained by a unit of mrss of 
dt 

the  particle  in motion for  a unit of time,  c-  is the  con 
s tant. 

On the  basis of his work  in Meteorologische  Zeit- 
schrift    54,437-444,   1937  the right portion of  the  equations 
are replaced with values which may be  interpreted   statis- 
tically.    As a result,   the following variables are  obtained, 
which influence  the future  change  in pressure and which are 
used as  introductory data for   the multiple  <correlation   table- 
xi- pressure   at  sea level  at mb at 14 hours during the day of 
the forecast at  a given  station,   *>-  change  in temperature 
(in centigrade)   from 14 hours of the preceding day-to 24  hours 
of the day when  the fore- 
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cast  is being compiled  xj- ■ change of: pressure in mb for 
the same 24 hours,'W  - the degree of  cloudness of a day when 
the forecast  is  beilg compiled.,   XP- change of pressure 
in mb f or  seven hours on the day or  the forecast; 

After  compiling such tables for all meteorolpg'w^. 
stations  in the region that interests us for an available 
number  of years it  is  possible to use them in determining 
the mathematical probability of pressure'changes for  the 
nearest two to three days. 

In compiling forecasts in that manner distribution 
of surface pressure for a period of 24 hours in advance, 
it   is  possible to use it  in computing the volume of the 
relative geopotential 500/1000 mb and to determine the 
change of this value from the  initial day to the first 
day of  the forecast.    By adding this difference to the 
value of the  surface pressure forecast 24 hours in advance 
we obtain forecast  of   the altitude of  the 500 mb  surface. 
On the basis of   the  latest data,   a 500 mb prognostic chart 
for the next 24 hours is drawn. 

By using this  chart  in  accordance with the work by 
Scherhag,R.,  Forsch. Efabr.  Ber . Reider Wetterd Reiche, 
Bd.II,   1943    a prognostic  cnart   showing tne  distribution 
of  surface pressure for the  second day is  compiled,     it 
is made more  precise, with the aid of multiple correlation 
tables.    With the aid of  that  chart  and using the  same 
method  it   is passible to  obtain a 500 mb prognostic  chart 
for  the   second day and by using the  latter   chart to  compile 
a chart of   surface pressure for the thir<ä; day which is also 
made more precise by means of multiple  cöoripelätion■.)■■. tables. 
A 96 mb chart  is us*^1  for  that purpose.    Forecasts of the 
surface pressure field for  the fourth and f if th / - ;T were com- 
piled both by means of the method  indicated above   and by 
the  utilization of  a number  of  other   supplementary methods 
of a  synoptic and statistical nature - (types of inter- 
actions,  their recurrence  and continuity,   analogues, mul- 
tiple correllation tables and others) . 

These are the principal basis and technical methods 
which form the foundation for the compilation of forecasts' 
for  five days according to Baur's method. 

Let us now briefly  stop on the methodology of  com- 
piling 10 day forecasts.    The  five day forecast  compiled 
on the basis of   the method examined above  is used as a 
foundation for  the compilation of  these ten day forecasts. 
For forming a forecast for   the  second  five day period of 
the ten day period covered by the forecast, multiple cor- 
relation tables are used  (   compiled  especially for  ten day 
forecasts)   in addition  to   analogues.    The analogues are 
selected at the  beginning of  the ten day period preceding 
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Jhe ten day period covered by -foe forecast, in view of the fact 

wich led to a certain macrosynoptic situation, must be considered 
to a much greater degree than in cases where the diürL? synoptic 

Trillin TV?*    '•   ^ SffrCting anal°SUeS a --tlari?y S the 

Baur -compiles forecasts for a period of a month and a sea- 
S£t hf^ ^•¥alker% °n a P^l/^tatistical basis!    iJ dS^g 
that ..he ;aleo utilises analogues. The cor^l.atjbon,Ration iia^udes 
a considerable number of dependencies among the changes o?a ements 

thP fJfii       S the^vera§e temperature in March for' Central Europe the following equation is ■ available:  . ^ope 

E(y) =   -0.012^ -0.08X,    0.09X3 ~y 0.192^ 4- O^lOX^ 

Here E(y) is the mathematical anticipation of temperature 
anomalies during March (average for three atetions' l"Slih 
Vienna and De Mit), X± _ is the man pressure for -tfebSaS' 
at two stations:    StildcishoM, Haparandaj    X2 - is the mean pressure 
SoS??or ^S"1^ ^ ?Verdl0VS^ *3 ~ is the mean^ pressure * 
anomaly for February at three stations':    Milan, Rome and Malta; 
fh -~ 3s.the anomaly oi temperature differences durin* Febiuarv- 

TROZ c'orin^r1 *?**'„ $ " ±S the &n°^ °f ~™ at itome coring December and January. 

for w/+COrdinf ^B^»  lonS range forecasts should be issued 
Se benelitedSt^drPread UtU^fion on^ ^ t-ose cases wSre 
heater thltSf"      .? fUCcesful Recasts will be immesurably 
a situation    tTn ^ t?at.resiats from incorrect forecasts.    Such 
i.th Se Sd a

f
CC

+°rd:ms to Dax*>  is-Possible only * en forecasting 
Sll be nr?e°s tSnr0g8rSSKn eqUati

+
on> the relation coefficient 

n ! no leos than 0.ÖG, the correctness of the forecasts of 
anomalies must not have a value of below 0.75, and forecasts of 
indirect elements must not be below 0.92.    inasmuch as Sch hi*, 

ST^i^ the Pf TJ, ^ -^ainKlSc'rSS £* 
rSulTr' i^^ n"        ?f t0 deflect a11 the requirements ft- a regular issue ox nontlily or seasonal forecasts under tie   oresent 
state of our knowledge." present 

but i^üSTfd0eS nf n°W COapilS l0ng range 7reather forecasts, 
tSt fiXd      I    °    %°n a SpraÖiC basis»and conducts research in 
trat field.    Research, according to an article written b- Baur    is 
directed essentially at the "     &jr> ls 
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perfection of the  statistical forecast relationships that 
were published earlier by considering factors that determine 
the formation of the various types of mauro-synoptic 
conditions and furthest of all by a method of considering 
the role of  solar activity. 

According to a verification conducted,by Baur /SOG 
Note? regarding the correctness of 10 day weather fore- 
casts compiled by him during the period from,1932 to 1936, 
the following results were obtained; : ■     ««/    *    m 

In 1932.   the  correct forecasts amounted to 68% of all 
the  forecasts^  in 1933  -81??,   in 1934 - 80$,   in 1935  - 87$, 
in 1936 - 84$.    The average percentage for correct weather 
forecasts for  those years amounted to 80$.: 

Different results of a verification of these  same 
forecasts were obtained by the Americanswho verified the 
correctness of the forecasts for  the  first five days of the 
ten day period and  the last five days of  that period.    Such 
a  split type of verification was motivated by the fact  that 
forecasts for  the  first  five day period were compiled by 
means of  a  synoptic method and that for the  second five 
day period was compiled on the basis of a purely statis- 
tical method.    It  turned but that forecasts for  the first 
five days were correct  in 75$ of the cases and those for 
the  last five day period were correct in only 53$ of the 
cases,     in order  to evaluate the quality of ten day fore- 
casts fo    temperature  they were compared with the correct- 
ness of forecasts compiled on the basis of an  assumption 
that the average  temperature of  the pending ten day period 
is equal  to  the .temperature of the day that  preceded  the 
forecast period.     It was found that, such forecasts would 
have been accurate  in 69.4$    for temperature  forecasts and 
57$ for  precipitation forecasts.     Consequently,   t,     method- 
ical  effectiveness' in temperature forecasts amounts to 
onlv 1.1$ and for precipitation forecasts only 11.5%. 

Baur's  institute existed  until  19i5,and  issued the 
10 day forecasts  indicated above. Since. 15?li£ ho, has been 

working  privately,  not receiving any kind of material   sup- 
port from the West German Government.    He refused to re- 

" gularly issue 10 day forecasts and from time to time  issues 
only monthly and seasonal  forecasts  similar to those that 
were  issued by him from 1920  to 1930.    According to the 
indirect  information that  is available(BiJl W.Weers_ver- 
wachtingen op lange  termign,  Kon. Neder±. ivieLeui-ul.   Liol. 
De  Bilt Publ.,  No. 137.     Verspreide,   Opstellen,  Nr  1, 
Gravenhange,   1954.)  The quality of these forecasts  in 
general  is not very high and not  infrequently there are 
serious errors. ■ , .       ^^ 

A weather   service for   the  American Occupation  /-.one 
in Germany T«^".   established  in the  city of Bad-Kissingen 
in 1946.     It was headed  by professor Waikman.    He offered 
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Baur the position of Director of  +-^ ■, 
section,    in connectioh with th«f^^JS-range forecast 
range forecasts was 'as^SS\        £ the direction of lone 
- A. Hofman.    Later lllTtLlel^^ e°-^ker of'sau^s 
Organizations merged SSh^itLh    S&? Meteorol°gical 
of occupation,  DeSis andTrenkll ii ™ £1Can and ^ench zone, 
department for lorxe-vTri™ :*Z IZ     also beSan working  in til 
casting organiZa?;in awfLrbasf^f?reCaSt5-   ^Ms^Se!* 
asaiab ance of methods Solved by Sir? ^Tated- with *he 
SCa5S^    Recasts covering^ ^h

dld -n0t 1-Ssue  te* day 
sued uhich,  however,  due fo /Lt   •        md ^  season were  is- 
not published but traS^itLdhb^ca^r?r^natUre>  were 
gieal observatories 7 cable to the meteorolo- 

began to^Ä^^  "«.  TrenKle and Molf 

region of  Germany from PreihnrrrT      f   south-western 
these forecasts were Slw reSfa%w\°f Jetouary,  1952, 

The verification nf>    S if,   y br°ad.cast on  the rartin 

and P-ciPitation1CSa^ol?LTrthltLr?ereCatStS °f  Äa1ur°e 
Silid  Sf ?rmany and that    f Berate ?Ä,nf the Pederal compiled by the German Meteornin,-     1     f0r  195° an<ä 1956 
the following:  ^ee ^te/    Sf1^"!1  Servlce,^loateS 
for   the  summer  somewhart^ceeL Sf e°tness of'forecasts 
attained by the   »bliS fSreclst» S^f?8 °f access. 

cas^for?he°f *«?? '-eclst^r ^Ltir^To^ 
the cor/ectnesf of^f^tl^ll/*  & »*£  e»eSs 
nificant degree.    The  ve?Jfication S?^3 bj an insig" 
for the  same period and for» ££ °f these forecasts 
Washington onthe tt Ss Ä T* r6gi°n ««"Piled in 
their correctness dur £L alf^a"'S m?thod indicated that 
mertial forecasts.        S    U   seas°ns is  below that for 

N°*  '"^li^^^rtlCle ^ H0Älan  in  ^L^^rol^ 
Scherhag^e^So^ ^etÄ?f%rf S°UP ducted by 
day trajectories and posSlofs or0^fCastinS ^ee to five 
the 24 hour decrease  in   i™"? centers of areas of 
the deltas of h^eSi^t^SSjr "*>0*tecl ^ith 
were obs^veT?^ f j^ÄPP68aie^ .tutted     ' ■ , 
North America,   tte  Llantic n*! t0 3i December ^TWtr^ 
vealed that  in 24! casts tSe ^T and E^°Pe.     It was rl- 
were observed for   a period of  rTs f leasing pressure 

Pe-od of  two days.^ ^^^t^^^ 
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statistical  investigation was conducted and a series of 
monograms were compiled that permit..a determination of 
the future position and intensity of the  initial areas of 
decreasing pressure for the  second to the fifth day based 
on a consideration of the direction and the  intensity of 
the high level frontal  zone and the basic  isohypse.This 
method  is  used in practice and^at the   same time^research is 
being conducted to pe*i8<ae&!-   it.   ; 

II Prance 

As already briefly indicated in the  introduction 
to the  second part of  this book^a method of forecasting 
based on the study of the peculiarities       in the  course of 
the pressure which are revealed in the many year  curves of 
the five day me^i    of its values. 

The  principals of this method as. well  as certain 
other   technical methods are described in the work by Grappe 
entitled Memorial de la Meteorologie Nazionale,  n,   38, 
1-78,   Paris,   19b3.       They consist or  tne following:i    For 
82  stations  in Europe and  the Atlantic  area new curves 
showing pressure changes from day to day during every year 
for  the  available period of years were  compiled.    Further 
the smoothing of every one of these curves was made by 
determining the   sliding three or  five day eeaja   values. 
The comparison among these  smoothed  curves for  a given 
station over  all  the years  indicated that during certain 
periods of time maximums or minimums occur  on the   curves 
which take place almost every year.    They are called the 
peculiarities in the .course of  pressure. 

In order  to eliminate accidental  increase1- ~>r de- 
creases,   i.e.  a type of  peculiarity that would frequently 
be encountered additional   smoothing  is done.    For  that  pur- 
pose  curves   showing the pressure over  a five year  period 
during the  course of  every year are  compiled for eve^y     , 
station.    Then the.averaging of these curves for  all  the 
years for  every  station on an  individual  basis  is   accom- 
plished.    The normal  curves that  are obtained  in that man- 
ner   showing changes  in the  five day pressure values are 
called base curves or bases.     It turns out that peculiarit- 
ies in the course of  pressure which are revealed in most 
of the curves (75$),were preserved in the base curve as 
well.    However   the rarely occurring  secondary peculiarities 
were  smoothed out  in the  basic  curve, 

Furthermore the  basic  curves at  all   stations within 
the region and the'examination were compared among them- 
selves for  the purpose of revealing those  stations x±bh 
an analogous   course of these curves.    A combination-of 
these   stations determined  the region which was homogeneous 
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r^esentatLf.f^f6   (natu?al  region) .    A single most representative  station was  selected  from every one of  the 
^f!le2^at^ «IViatic regions and a mean c?rve fS the 
entire region was drawn. 

n-i*      " i* ?de?- t0 pr0ve the reality of  the peculiar- 
ities^ and also   in order to    reveal  their  synoptic charact 
eristics the following work was accomplished.    The nSe 
of pressure formations observed  in the various climatic^ 
regions during periods when certain peculiari?ies^P- 
peared were   studied on a basis of  daily and fivt da? 
i?69 to V^oTPhf that fr

4
e^Ple for the .Parifregion 

in 69 to 75% of the  cases during periods of risine curves 
anti-cyclones with a center pressure in excess ofVSS 
mbs were observed,     similar  investigations  indicated that 
during periods of descending curves in a given climatic 
region cyclones with a pressure of from 997.4 to 1 002 7 

ÄVTI ITT^0 
are °bSerVed-    *»* -cur-rence^^nL 

studied and  these  shii£fc   (with relation to  the nSrmal   curve 
in the moment  of   their  occurrence were determined       it 
turned out   that for  the  Paris region the  average  shilts 
So ?o U?S6r J0int? °f the Polarities took pLce wi?hin 
tbr^ t    H ^ayS 2*  CaS6S °f thelr  early appearance  and three  t-, 4.6 days  in  cases of late  appearance. 
fn    „  / serie£\of  synoptic  characteristics were  compiled 
for^every one of the   periods of time when a certain pecul- 
iarity was observed:     a moan   chart   (normal)   of  surface 

wlSi^^-*"*?  C^art *°WinS  the  distribution of cyclonic  and anti-c^ 3lonic centers,   a chart   showine the 
distribution of the amplitudes of pressurScur^es    a 

ofathpS°ninS the recurrence of  the  shifts  in the'moment 
of their occurrences,   as well  as the  character lot „3 of 
air masses and their  temperatures.    ,11  this data taken 
toge -.her  permits the   compilation of forecasts for  the 
distribution of the pressure field and  certain we-ther 

Sef fnrlStiCS/,°r '5 Peri°d °f five da^ >   and ^mef times for a  period  of 30 days-, . ' 
HPf^icf,^^?.111^6 the five day forecasts more 
tot Ü! ff  * 5elatl03?S?ip between%n pressure  values    . 
fS'+JJ6  ";? daJ frriod with its values during the day 

the middle of  the period was   studied,     it was re- 
vealed that  this relationship  is expressed rather well 
(the  con^ioa coefficient  is equal to t 0.88)    >' 

SeCta^^iroV61^.10113^  WaS  alBoibtiiifflrwlth 
Jr£  ?S!%°    ^   SeC°nd and f0urth days.     Coefficients 
for  the first day and the  last  day  are considerably lower- 
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for  the first day 0155-0 .79 and with the fifth day 0.63«-' 
0.80. 

^Rote/A similar relationship was obtained by Namias. 
It was mentToned in  section two of chapter 11. 

. A forecast for the mein .pre ssure field for   the 
five day period is  compiled  in the  following manner.    A 
curve showing the  change  in five day pressure values for 
a number Of five day periods preceding the forecast for 
every one of the 82  stations. „ Then this curve  is compared 
with the basic  curve for  a. given  station,  peculiarities 
are found and matched then by means of a relative shift of 
these curves.    After  finding well matched peculiarities 
closest to the five day period covered by the forecast the 
pressure  curve  is extrapolated and the anticipated  pres- 
sure change  is determined from  the   initial five day period 
to the one covered by the forecast.    By algebraically ad- 
ding this change to  the pressure value at a given station 
that occurred during the initial  five day period  its 
prognostic value is obtained.    Pressure for the other 81 
stations  in  the region being examined is  also forecast  in 
this manner.    A prognostic  isobaric map   is drawn on the 
basis  of this  data. 

Later   by utilizing the  synoptic and statistical 
material  as  indicated above ..      .  as well  as the  daily 

■> -•..-o-i-u^:       it is   attempted  to make this   forecast more 
detailed for   the individual days and to point out the 
probable nature of the weather and  its changes during the 
five day periodcovered by  this forecast. 

At  the   same time attemptst^cro made to  consider the 
intensity of the processes as well by refining the fore- 
cast for  the  variation amplitude in the  pressure ^nrves. 
For  that  purpose  the  results, of  investigations on the 
"evolution of centers of  pressure  changes from a $ive day 
period to  a five day period   (charts of five day  isallobars) 
are utilized. 

Forecasts prepared according to the methods descr- 
ibed above are compiled daily at the central weather ser- 
vice  in Paris for a period  of five days  in advance. 

Starting with 1951  forecasts for   a month    ahead are 
prepared       ' by neans of  this method.    They are based on 
an extrapolation" of" pressure according to base curves of, 
a number  of  stations.    The month covered  by the forecast 
is divided  into six or   seven periods of  time during the 
course of which a certain  type of weather   is observed. 
Average  isobaric charts are drawn for   such periods.    Such 
charts are able to provide an  indication on the probable 
weather comd it ions during each such period.    This    data 
is then made more precise and concrete by utilizing a 
series of   synoptic, statistical  and graphic material. 
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As a^result a forecast  covering- a month is compiled which 
provides a general  characteristic  of the anticipated  types 
of processes  (pressure field)   and the evolution, of weather 
conditions during the month, "..'."..... 

We unfortunately do not have data on the methodical 
and practical effectiveness of the methods the.t were exam- 
ined, in the monograph that was available to us. However 
it is hardly possible to consider this method perspective'. 
Despite the existing investigations on the synoptic chara- 
cteristics of the; peculiarities the pressure field may still 
not evenly reflect the type of weather« 

A concrete deficiency in this case  is also  the fact 
thao up until  the.present time the  physical  causes for the 
occurrence of the peculiarities   (rhythms)   indicated above 
in the  changes of pressure have not  been revealed.    Therefore 
tne utilization of pressure  curves and the  entire tech- 
nique of  such a forecast appears to be to a great decree 
formal.    Multilateral  investigations of the regularities 
in the uninterrupted development of the macroprocesses over 
prolonged periods of time are necessary.    Then the revealed 
peculiarities may be explained  to a degree inasmuch as they 
may be regarded as certain  stages  in the development  of 
macroprocesses. 
„„>*»*.-+* the\same tjme' " is necessary to note a certain 
scientific  and prognostic value of  the data obtained by 
S1^30?'0!1- ,The existance of such data for other regions 
of the hemisphere could in a number of cases prove to be a 
very useful and helpful method that would permit the fore- 
cast of  certain peculiarities  in  the development of anti- 
CiPJ^  (°n  the   basis  of  any method)   processes  in weather conditions. 

•F1"    The Chinese  People's Republic Work in the field of 
iSni7rai^t!  WBaLner forecasting  started   in  1935 w51      he work 
of T'u Ch'ang-wang who utilized  the  cerelation method de- 
veloped by Walker  to reveal   the associations between pre- 
cipitations  in China and changes  in the meteorological  el- 
ements at  a number   of  points on  the  earth's   surface 
.     4-T_    SV?  statistical methods of  forecasting are developed 
in the  Chinese  People's Republic:     A method  of historical 
changes and  a method of multiple  internal  relationships, 
ihe first of  these methods was developed  by Yaig   Chiane-- 
ch'u and the  second method  was developed by Fan£   T'une;- 
kwang.    T.«4.  us  examine  these two methods  in greater  detail. 

A Chinese   scientist,   co-worker   in  the  institute of-" 
geophysics of   the  Chinese academy of  sciences,  Yang  Chiang-  . 
ch'u  in 1950  proposed that for  forecasts of temperature 
and precipitation in Peking as well as for forecasts of 
typhoons  in the Formosa region a  series of regularities 
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and historic changes of these elements and phenomena'be used, 
The.proposed method was applied by the author  in 

practice,for  the öompilation of the  indicated forecasts. 
It yielded-satisfactory practical results.    It was also 
examined and approved by the  Peking section Of the 
Chinese Meteorological Society at a   session that took place 
on 23 October    1951»and was recommended for  a practical 
test and utilization as a method  that has a number of 
advantages under  present day cord it ions  in China» 

A comparatively extensive series of dbsorv-y-,-.ons are 
available at  certain  stations  in China.     Therefore  the 
author   confronted himself ,with the  task of elaborating 
a method of forecasting for   these   stations which was based 
on  the utilization of regularities in the changes among 
meteorological elements over a long period of time only for 
these stations.    Such changes that took place over  several 
decades are called historical  by the author. 

The basis for  such a presentation of the task is 
visualized by the  author  in the fact that the observed 
historical  changes  in meteorological elements are a con- 
sequence of cumulative  influence of the active factors. 
Therefore,  considering the  indicated changes we will  there- 
by indirectly consider  the entire complex of factors. 
Therefore  in order to be able to foresee changes in the ..: 
future  i4-. is necessary to reveal regularities  in the 
changes of  the elements during the  past.    Let us now ex- 
amine  some of the  basic regularities* 

Regularities  in historical  changes utilized  in 
compiling forecasts.    The  basic rules of  historical  changes 
which must be  considered  in the  compilation of forecasts 
for  a year, are; 

(1) The continuity, 
(2) the analogy, 
(3) the cyclic nature, 
(4) the greatest  and  the least  probability, 
(5) the turning point. 

Let us now examine each one of these laws.   . 
Continuity.    By continuity, the  author means the 

duration of the  noted tendency in the  change- of a given 
element or phenomena.    Let us assume for  example that we 
are analysing a many year  curve  showing changes'in temper- 
ature of the air for  some station.    After finding all points 
on this  curve where it begins to rise we  shall  trace the 
duration of this-riss.    Let us assume that   in all  cas^s 
the observed^ increase  in temperature continued for no less 
than two years,    m that case having recorded the rise in 
temperature during the initial year  with regard to  the 
year  covered by the forecast  as compared with the preceding 
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year we will be able to assert with a great degree of 
certainty that there will be rise in temperature here 
during the next year.    The author illustrates this law 
by an examination of  the curve  showing the many year 
course of  changes in the amount of precipitation'at  Pek- 
ing during May for  the  period from 1840 to    1855' and 
from 1870 to 1950. ■.»*":"•. 

As a result  of a revelation of the continuity 
the following prognostically important deductions are 
established. 

(a) HL the.amount of precipitation during May 
of a certain year exceeded 40 a, . while in May of the 
next year it was less than that,then dur ing May of the 
third year it always decreased further9 or in any case 
did not rise.    There were no exceptions to    this. ' 

(b) If the decrease  in the amount of precipitation 
occurred during the  course of  two years  (in May)   then 
during May of  the  third year  no  increase  in precipitation 
was observed,and  in 80  to 90$ of  the  cases  it amounted 
to an average of  33 m. 

Analysing the changes  in the velocity of the cir- 
cular  westerly current in December     in the  zone between 
35 and 55 degrees northern latitude,for  the  period from 
1900  to  1930, the  author   illustrates  a law of  continuity 
by means of the  following deductions* 

(a) If    in December   of a certain year,   the   circular 
westerly current  began to intensify or did not weaken 
then for   the next year  the  intensification continued. 
This was the case in Sfc-   out of   seven  instances. 

(b) If the velocity of  the current began to dim- 
inish during December  of  a certain year  then during the 
following yrars as a rule  it  continued to lose  its 
velocity or,   at  any rate,   the     current velocity did not 
increase.    This was  the case  in five out  of   sever   in- 
sb ances. 

The analogy.    Analogy is understood to be the 
sma-larity in the course of  the curves  in different  sect- 
ions.     The utilization of analogies  is recommended  alone 
with the feature  of continuity,     m that eise  it may not 
only be a  valuable  prognostic measure,but  it may help to 
avoid errors  in the forecast that may arise due  to  except- 
ions  m the continuity rule.    The continuity rule may 
m turn refine a forecast compiled by utilizing the 
principal  of analogies especially in those cases where 
the aiwi.ogues processes that occurred  in the past will be 
followed by different  processes  in the future. 

The cyclic nature.    The author notes that  the 
numerous investigations aimed at revealing varicu s cycles 
did not  yidd   prognostically useful deductions  inasmuch 
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as the authors of these investigations always demanded 
presence of constant' limits for these cycles and consider- 
ed their recurrence mandatory.    Under actual    ooii-lticas 
however,  cycles of quite different duration are observed 
which in addition to    that may not be observed at all during 
certain periods of  time.    It therefore,follows that  if 
the cyclic nature is regarded not as the only means for 
forecasting but  is applied in combination with the other 
rules  (continuity,  analogy)  thanit may be of concrete 
aid in the  compilation of long-range forecasts. 

There is a considerable difference between the 
cyclic nature and analogy.    A complete cycle may include 
analogous   features,however an analogy itself  is not equiv- 
ilant to the  cyclic nature.     Analogy indicates that 
changes taking place in any two sections are similar  among 
themselves.    However,   it   is not necessary that an  analogy 
occur only at certain regular  intervals of time. 

Hi order to illustrate the cyclic nature we. will 
cite the following regularities which have a prognostic 
significance. 

(a) A curve  showing the many year  course of near:- 
annual veloc ity values of the circular current of the 
westerly wind  indicates .      a maximum point every five 
years  (1903,  1908  etc.,)   and  every four years  (1901, 
1905,1909   )   the minimum point. 

(b) The  curve  showing changes in winter temper- 
ature   in Shanghai for a period  of 75 years   (1873 to 1948) 
clearly manifests two year  cycles.    They include over 
80$ of the years.     In other words,  the vintcr    temperature 
in Shanghai as  a rul^ rises during  one ye ar  and drops 
during the next year.    This cycle is especially -'-11   ex- 
pressed between 1882  and 1908 at which time exceptions 
■were not  observed. 

(c) The  curves  showing many year changes in the 
amount  of precipitation at Mukden  (1906-1936)   clearly 
indicates  that  every six years there  is   invariably a 
minimum amount of precipitation of 100 ; a       or less. 

The greatest  and the least probability.    This 
aspect presupposes a multilateral  analysis of the re- 
currence of various values of a given  element  over  a 
period of many years.    A knowledge of the  probability 
regarding the  occurrence of the forecast value or of 
a gradation of  an element  is most  important  to  a   fore- 
caster .     In analysing,, for example,the amount  of preci- 
pitation which occurred in Mukden during July  it  is pos- 
sibleto see that  it never   exceeded 300 m". This  level 
of precipitation was observed on only one occasion.    At 
the  same time a precipitation level of 30 m.      was never 
observed here  in July.     Consequently,  the probability of 
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precipitation over  300  :£1      and below 30.i"      is very 

mean  thpfL^S1^ P°int-    This term  is understood to 

L^ry*i£ in^r'S ??C^larity is n0t  taken  into oo';+I'trlf-1 in the  compilation.of  the forecast      pn^ 

nil.   Q    JJ6  application of this method of forecasting T»P 
quires the  availability of observation«  fn. „     ?  t S 

of 20 to 30 years. nervations for a minimum period 

of  the foh!lowtog:S'taSeS °f an&lySiS  in ^casting  consists 
(1)   The  available observation data  is  npena^Pr!    vrm 

nrS.SooS I .baSlc laws ^amined above. The rpsultino- pro3nostic dependencies are noted Pem-ori* r»£ *• L i g 
sn-w nno r>-p  4-x,^ i_      • "cu<     rerioas oi   time when 

curves preceding those points.as well as    tae '* lL 
^oÄeJ „Ähey oc™ * ^«ioS'to thTSS. 

analvsi^of ?vLU^"5Zl?s ^he reS«larlties obtained from an 
loSf;e^l^ptl°red1C.al °hanSeS a f°re'a3t  f0r the f0" 
-i™        The 5xamlned approach to the compilation of extra 
long-range forecasts has certain advantages ovSrotS 

areethnoSs™oD
9rtlchch00?dlt,10nS eXlstlnS *^C,^here^her e 

ia)     The  extensive periods of  the forecastq   (* ^Q~ and  sometimes even two years) "recasts   (a year 

forecast^     ^  Siilipllclty of  the method of  compiling the 

(o)     the forecast  contains quantitative character- 
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Istics which is more convenient in practice than fohmiXations . 
above or below the norm, much higher or insignificantly high- 
er which areHsed in certain forecasts (the author, in'partic- 
ular compares them with forecasts prepared by Baur for a per- 
iod of ten days), 

(d) the given method may be applied for  forecasting 
any meteorological       element or   phenomena on which there  is  a 
series of observations for  a period of not less than 
twenty to thirty years. " 

(e) A multilateral  analysis of the regime   (climatolog«. 
ical)data  is  conducted and  the positive results of the pract- 
ical application of them are demonstrated.    All this  indicates 
the  important   significance of the  consideration of  processes 
that  preceded the forecast  and the regularities inherent  in 
the tendencies  of their development over a period of many years« ■ 

Along " with these positive points,  the existing 
inadequacies may also be noted,the most  important one from 
our  point of view is , that the many year changes in meteorological 
elements-' are examined independently of the "many year changes in atmos~ 
pnenc circulation, which my. be used to explain regularities 
established by it. '...-. 

•.,■'.' . The "work does not even make  an. attempt' 
to analyse  the physical reasons that determine the action of 
the  established laws and the causes for  the presence of ex- 
ceptions in their application. 

Therefore,   it  seems to us   that  in the  further  develop«, 
ment of this method   it  is necessary first of all  to establish 
such relationships with the  atmospheric  circulation and with. 
its concrete  forms.    Tb>   W,   C and E Forms may be used as the 
latter"  the  irregularities in the   epochal ' transformat_.-ns of 
which are,  at  the presei.t time,  fairly well  known  (see 
chapter   V) . 

'The  feasibility of utilizing the W,  G and E Forms for 
the  indicated purpose     is favored by us  also as a result of. 
the positive results obtained by the work'accomplished by 
post-graduate   students at  the Leningrad hydrometeorological 
institute,   Chang  Chi-chia and Chang Chia-ch'eng who  com- 
pleted  (under the guidance of  the author  of this book)   in-:' 
vestigations one of which was published under  the title of 
"Peculiarities  in Weather  Conditions over   China Under B.asic : 

Forms of  Atmospheric   Cireulatiai" and who obtained     some very 
valuable results  in a     scientific  and prognostic  sense. 

These works conclusively prove that weather  conditions 
observed over  China during various  seasons of  the year,   are 
well  explained by the W»C and E Forms,  and of  their   season- 
al  transformations.    Therefore,   the authors utilized  such 
relationships for  the  elaboration of a method  of forecasting 
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both for long and   short periods of time: applicable to  the 
conditions existing in  China. 

-   These works also   examine  epochal  transformations of 
the  W,C and E Forms and the  associated temperature changes 
changes  in the  amount of precipitation,   and  the fluctuation 
in  the levels of the Yangtze and  the Hwangho Rivers, 

Let us   now briefly examine the basic contentions 
of the  second method used at the present time in the  Chinese 
Peopled Republic.    This method is based on the utilization 
of the  analogues selected on the  basis of climatic, data for 
several preceding months.    It permits a compilation of a 
forecast for a period of up to a year.    Let us  illustrate 
it  in any example of compiling a forecast   in February of 
1953 for  precipitation during August 1953 for the  citv of 
Chungking. 

The amount  of  precipitation observed during  individ- 
ual months of the  preceding   (1952J   year  were  analysed.     At 
that  time a survey was conducted for a period of time during 
whih in the course of  several months entering  into  such a 
period   seme kind of   a material  peculiarity in the  distribu- 
tion of precipitation was observed which could   serve as a 
point of reference  in the   selection of analogues.    Jh the 
example being examined  the amount of precipitation  in  Chung- 
king during a period of three consecutive months  (October- 
November,  December     1952)  was close  to the norm while  in 
the next i.jnth of  January 1953,   it  somewhat  exceeded the 
norm«    Taking this peculiarity as  a basis attempts are made 
to find analogues  among preceding years.    The  amount; of 
precipitation in  every month of all the analogues   are re- 
viewed    following the month    with the  indicated  initial 
condition  (first month^   second month,   and   so on). 

In our  case,   it was proven that  the amount of  prec- 
ipitation during  the eighth month for most of the analogues 
was below   the norm for a  period of many years.    Fv'     r 
the amount  of  precipitation for   the  eighth month which was 
covere '  by the forecast,  was  studied and a comparison of 
it with the amount of  precipitation during the''preceding 
month was conducted.    As a . result of  this ar. alysis a hip-hlv 
accurate forecast was compiled. 

According to the available data,   forecasts for  tem- 
perature and precipitation anomalies  compiled on  the basis 
of the   indicated methods  have an  average  certainty of 75< 
Forecasts regarding the magnitude of   the anomalies have a* 
somewhat   low^r   .percentage     of  certainty. 

In evaluating these methods  it   is  possible to agree 
with Oh-an Nei-ch'ao  that   "both methods  serve only for the 
satisfaction of the more urgent demands.     Both methods pos- 
sess  serious  inadequacies.     By means of  these methods  it   is 
especially difficult to forecast  the extreme values of the 
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niÄi5öi*&<&&$$3fl2al  elements as both methods are devoid, of  any 
physical  basis.     In  addition  to that for  a practical utiliz- 
ation of  these methods  it   is necessary to have a large number 
of  initial data»     It must  also be noted that the  quality of 
these methods up to the present time was not   investigated  on 
the basis  of  strict methods of mathematical   statistics,    ^uch 
an investigation is outlined for the future". 

IV.    Hungarian Peopled Republic. 

Investigations in the area Of long range weather fore- 
casts began  in Hungary in 1939.     In 1946 a department of 
long range forecasts for .weather was organized at the  institute 
of meteorology at Budapest which' issues forecasts for  two week 
periods regularly on the 15th and the 30th of  every month. 
The forecast   includes expected weather changes during the per- 
iod covered by the  forecast  as well  as anomalies   in the  tem- 
perature  of the  air and the  amount of precipitation. 

The forecast method is based  on the/utilization of 
statistical relationships between changes  in meteorological 
elements and phenomena on the one hand and a series of  geo- 
physical  and  cosmic factors on the  other.     In addition to 
that various types of periods and changes in the cycles of 
meteorological   .  elements-established by different authors are 
used. 

The number of  investigations which obtained various 
forms of  prognostic deductions must first of all  include the 
work accomplished by Berke s completed  in 1939.     It  indicated '. 
that  after   an increase  in solar activity a decrease  in the wind 
velocity follows approximately a week later   in Budapest.,in 
connection with anti-cyclonic nature  of weather over  ^mgary. 
A week after  the  solar   activity begins to diminish,a period 
wherethewind velocity increases associated with the develop-: 
ment  of cyclonic activity appears.     Consequently,  having a 
forecast  of a change  in solar activity it  is  possible to fore- 
cast the course of the wind and  the nature of  synoptic pro- 
cesses for a period of two    weeks    in advance. 

Investigation was completed later, which attempted to 
determine the probability for  the  appearance of  po sitive and 
negative temperature and precipitation anomalies  in Hungary 
under different  two week variations  in  solar  activity.    The 
values of  the resulting probabilities  exceed the change values 
by 5  to 15$.    These  relationships  indicate  that  if  the number 
of  solar   spots  increases during the weeks immediately pre- 
ceding  the   summer  and winter   seasons,   then  it  is proper  to 
expect  a winter  and summer, temperature  below norm in Budapest. 
This relationship   is especially well, expressed during  January 
June and July.     As far as  the   precipitation  is concerned^with 
an  increase  in  solar  activity the  amount of precipitation dur- 
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ing the winter  is below norm and that during  the summer  is  • 
above norm. ; . 

Beginning with 1942 the  prognostic relationships  ind- 
icated above were  supplemented with relationships between 
changes  in   the weather   characteristics and phases of the moon. 

In compiling forecasts,   the results yielded by work 
on the   study of cycles are also used.     Some of the better 
verified and more  widely used cycles are the 11-summer,   2-3- 
summer,   the  sixty day cycle and the  335 day cycle. 

Analogues  also provide concrete help  in the compilat- 
ion of forecasts. 

The  correctness of two week forecasts prepare!: on the 
basis of the' relationships examined above amounts to  ap- 
proximately an average of 70$.    Some of the better forecasts 
sometimes   had a correctness value of up to 90% and  some of  the 
poor forecasts - ZOf.     in this case the correctness of the 
forecasts for  weather  changes  is higher   than  the forecasts for 
temperature, and  precipitation anomalies. 

In future  investigations  it  is proposed to  conduct  a 
more   substantial   study of the relationship between regenerat- 
ion of the  Azores anti-cyclone whose  state  in many respects 
predetermines the weather  conditions over- Hungary,  with solar 
activity.    The relationships    that have   already been establish- 
ed between the intrusion of anti-cyclones from  the Arctic and 
the  intensification of  corpuscular radiation of  the   sun will 
be develo, -id further,   as   "even though the formation of  the 
weather, characteristics depend only on the  influence of various 
factors which nave   a terrestrial origin we nevertheless rec- 
ognize the fact  that  a considerable role may be performed  also 
by comparatively energetically weak factors of  cosmic origin 
in the form of catalytic agents during  the incubation of 
various weather-forming processes."/See nots7 

/Fote7 Berkes Zr,   Acta Agronomica,   V .     No. 1-2 
163-1867 19F5.  ~ '-.      ' ' 

Prom the  above brief  survey it follows that  in Hungary 
even t l.ough a regular  compilation of  forecast  is  conducted      ' 
the methods for their  compilation,  however, may not be ' 
considered complex,   perfected and responsive to  the  con- 
temporary state of our knowledge on the general  circulation of 
the atmosphere.     In particular,all  forecasts are  compiled 
only on the  consideration of  the  cosmic factors and formal 
statistical  associations as well   as on the  consideration of 
cycles and periods that do not yet  have  a physical  explanation. 

Se^ertists that are occupied with this problem  in 
Hungary understand that  the given method  is not as good as 
the  synoptic and  circulation methods  that are used  at  the 
present time  in other   countries of  the world.    Extensive 
material  consisting of  high level  and  surface  observations 
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from the entire hemisphere however are necessary for' the util- 
ization of such methods* which complicates the application of 
these methods  in the . comparatively  small countries such as 
Hungary. 

V.    The Roumanian Peoples Republic. - 
Systematic  investigations  in the problem of long range 

forecasting of the weather  began in Romania in .1951.    They 
are primarily concentrated at the  central meteorological  in- 
stitute located at Bucharest, • 

The following principals underlie these investigations 
/See note/ 

(1) the weather  characteristics for any given month or 
season are determined on the basis  of   its characteristics during 
the  preceding month or  season when quantitative accumulations 
of peculiarities  take place which in turn lead to qualitative 
changes  in the  circulation and the weather  in  the   subsequent 
month or   season; 

(2) Pressure and  thermal   fields,   the distribution of 
precipitation and the  characteristics of the circulation are 
an  inseparable entity and must be examined   simultaneously and 

jointly; 
(3) In order to properly comprehend their  interre- 

lationship and  to have a  possibility of forecasting their 
characteristics for the future,   it  is necessary to   consider 
the role  of   solar  activity,   the phases of the möon and the 
large planets calosesäfc to the  earth. - 

/KoteT Topor,  N#)   Acta  Agranomica,-   1955,  ho. 1-2, 
163-18671955. 

Both the normal distribution of the   indicated elements 
over Romania and their  distribution over  the  surrounding re- 
gions   (the Azores, maximum,   the  -kjelandic, minimum,   tne Siber- 
ian, maximum,   and other'action centers)   as  well as the large 
scale anomalies were  studied on the basi3  of  these  principals. 
The latter  question received  special attention in 'view of 
its extensive national  economic  significance. 

Basic material used for  conducting the investigations 
were diurnal   synoptic charts for the  period from 1886-1951. 
The first  stage  of   the  investigation established the types 
of pressure fields over, Europe and their peculiar weather con- 
ditions  over Romania  and Over   southeastern Europe as a whole. 
It was found that  there ware only 16  such  types.    Subsequently 
the probability for the appearance of  every type for  every 
day, month,   and   season   was computed. 

After   that a macrosynoptic  investigation was conducted 
as a result of which the 16 types of pressure fields  indicateo 
above were  included in 7 types of circulation-and obsErved  in 
south-eastern Europe;   the northern continental,   the  southern 
continental,   the eastern continental,   the  southeastern mari- 
time, western oceanic,  and the northwestern oceanic. 
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The recurrence of  every type for  all   motith« nf +.'v« 
computed  (in percentages Si days) f ^ y6ar  Was 

IndlvMSi days of^very mont§1VeSo!^ f '»f and to*S 

that befie Sa^fshS SSSH ££ seaÄf o1™^ 
during the  same season after  28 tf 32 «lays ™r agaln 

flPirU  S5L«The I"*™3«? of  Individual types of nressure 

(4)     The degree of differentiation of thP        • 
types of  pressure fields as WPII   a,«  Hi   •   Z various  . 
in the  types ofc illation 7, i«t m   n   intra-monthly changes 
the maximum anS ^^pSi^MJ? ^f"* ^^ 

pressur  'in c^tral^oS °if Ü "^t^T^ -^spheric moon./^ee Sote/ P    ±S ass0ciat^ with phases    of the 

les-ise^f?0^' N" ^±M£^2Bli^. 1955, No. i-2, 
In accordance with the plan  of   lnveaHMH^o  .-•(-   • 

in  the  future.    At the  qflmP + *™t elements and phenomena 
devoted   to »a more de?«*??*   ^   f   -.special  attention will "be seneral/Sot^S ° is^ss:^.^^ "- 
163-18P7 19S?. '  £ ^anomlo*.-i9Sfir   No.  1-2/ 

in the p51^rj%^^Snt£r\^4°:ta^%e^e2r1fytl0nS 
stage of development  considerably removid fro    Tf *   ear2.y, 
Arrays t£T f  ^ "»*• «S^^o^fart^r^^ 
are'SsId «£ S^SSFit1?.'^ *1°Vhese  investigations 

perspective/ ^X^Xl^teZ^l^ oolo^ 
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moon,  even though it   is the body closest to the earth,   is ap- 
parently limited to the phenomena of  tides in the external 
surfaces of the globe and cannot have  an effect.on.the 
characteristics of  atmospheric processes. 

VI.     India 
"—Ewestigations in the  area of long range weather fore- 

casting  darted in  India after 1877,  a year  that was known for 
its exceptional drought and famine in that country.    In India 
the forecasting of  the  amount of precipitation which occurs 
during the monsoon  season  (from June to  September)   is of basic 
significance .    The correct forecast of  a deficit, in precipit- 
ation is especially important as obviously poor harvests in 
the country or  in its various regions are associated with such 
conditions. 

In connection with, this  Blenford utilizing the   "world 
weather1" method established the  task of  revealing factors that 
determine the  small amount of precipitation during the monsoon 
season  in  India.     He established  that  the droughts were pre- 
ceded by an anamously heavily snow fall during the winter 
and spring in the mountains located to the north and north 
west  of   India  (the  Himalayan Range and the  Hindu-Kusch upland 
area)   as well as high pressure  on the  Island of Mavrikiya, 
in Australia and over  a considerable portion of  Asia. 

Forecasts for rain for the  period from 1886 to 1901 
were compiled with the  aid of these relationship s and re- 
ceived the recognition and trust  of  the public.    Prom 1887  to 
1903 however v/hen the weather   forecast   service in  India was 
directed by J. Elliot, who began issue and publish greatly 
detailed forecasts without  a  sufficient background for that, 
these forecasts lost  their  practical   significance.     A« a result 
of that  the government  of India  prohibited  official  puolic- 
ation of these forecasts  in 1901  and authorized the?r  utiliz- 
ation only by the provincial  adminstrat ions. 

A well-known  British climatologist,  Walker,  worked  in 
India since 1903.    He headed the further   investigations  in 
this problem.    They  amounted to a  survey for  statistical  re- 
lationships between the amount of  precipitation in India dur- 
ing  the period from «TUBS to September and the  state of certain 
weather  characteristics in varioa s regions of the  earth during 
the preceding period.    As a result he evolved ä  series of 
regression equation of  the  common type 

y ss 'aXj^ bX2 +- cX3 + dX^-h eX^ 
where y-is the forecast volume of precipitation in  India, 
Xir  X3.Xj.Xe- are various elements associated with precipitat- 
ion2 a,   b,c,d,e,   - are constant  coefficients with which the 
equation yields a closer  approximation to reality with re- 
spect to the   amount  of precipitation. 

-75- 



the past years  (from llo9 to ?9?s? thS basls °f ""aterialfor 
e?«»?!^1?30 <he succeeäed'wgLr?3 SS*"'* ^ «"1« eilicient between the m>pMT»„ft Ir' • The öötafelä-8fe«3 or= CO- 

SelSr1E^WQn- "- Pl" 0  ST"*?? i"8 °bse"«  ~ lcient which was estahHQW/'n s  close to the co-Pff 
covering the periofp^f^   <g« 0.58)   on the basis°of Sa'ta 

was  ^eox^^^^ublish^ *?*** °f '**** verification  lt 
Provide   Informationen values  ^I"*0? th°Se fo^casts whicV 
forecasts which contatoS  sLn?f?     JVhe norm-     Only those 
SLPalpitation from the nÄS^bW**1'*18  ln ^e a^oSnt 
During the  period  from 1941   to SI« ?nJ   0t, t0 Plication, 
leased fo.   various regions in  T^    

7?,such forecasts were re 
ornately 20^)   proved  tfbS in^orrect' V*!?*?1  ^-^ aPProl- 
havp\ii#e- n0m) wuld    have been  LL1^1081  f^e- 
40? of ÜiVSi7 2?  inoorrect forecasts     i   J then there would 40/ of all the forecasts.       xurecasts»   i.e. approximately 

tive effecr?orecas?sÜoV%!?Ver   that Respite  the general   ,n  « 
accuracy.    W  l^nple Sut^?^? dr0uShts' have a  low dSrSe of 
dry years   (1937-1938    1939    fo?^6  ~oh forecasts for  vlrv 
casts were  correct,   ^9S'ii^8

1
e
9&™2)   only t^-  J^e-• 

* - «r^agn-cs  that  are destruct- 

thes«^^ investigations of 

t^^K"sevIiafryea°r^%dSati^   «•  SSff££Ö tnlndlfo^/ 
relationship bSU"th?t J£S £*£?  0f ^monstra?Jng ?he     ' 
various peculiarities of th? lnLPf°C?Sses 0ver   Indiana 

with the ration and  shift o? t™t^a?d»sPecifically5that 
westerly currents of the modplS°P°fPheric waves  in the 
disturbance^  in  +\~* moderate latitudes wl+*>'+-£« !fc?s  ln the  zone of   the  eniidtn»? -1   ^ tJls currents. 

.1.1 nature o? ^o^Llo'^S?^'~f «ly «£. 
uuering  into the regression 
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equation but  tö reveal new factors as well.     All  of  this to- 
gether will, undoubtedly .considerably develop the method and 
will raise the  quality of the  forecasts ;f or m'on so on precipit- 
ation. V ." '....;.;.. •■'',;■ 

VII    Indonesia ' ■'■' ■■'■!.■"■ ■,   • '"In  Indonesia  like  in  India,the  greatest practical   in- 
terest is represented by forecasts of precipitation during 
the eastern monsoons. 

Investigations of   this problem  started   m  Indonesia   . 
in 1908,when C.  Braak started to study the relationship    be- 
tween pressure  changes and-the amount of precipitation. 
/See Note/    In doing so,   the author  based himself on the -fact* 
Tf during the monsoon period  the pressure is below normal, 
then   the amount of precipitation must exceed the norm,and in 
the   opposite    case  the precipitation would be below normal 
fRotef    Braak,   C,   Berlage, • H.  P.,   Boer,   H.  J., Euwe,   W., 
ReesTnck,   J.M.,  Verhandelingen Mo  5,   20,   26,   29,  30,   31,  32, 
35    36.  38,  39,  44 van net Koninklyk Magnetisch en Meteor - 
olorisch Observatorlüm"te  Batavia,   1919-l9ba.    Tne  rorecasts 
compiled on the  basis of  this rule' for  1909 and 1910 had a 
p-ood rate of  accuracy.    This  compelled a more detailed  study 
of the  indicated problem.    As a result.a three year periodicity 
in the  changes of pressure was    established  and three rules for 
forecasting Toressure w©re formulated. ; 

However even these perfections did not prevent a cata- 
strophic  forecast failure for 1925, when it was forecast 
that the  amount of  precipitation will  only  slightly exceed 
the norm,  whereas actual  conditions resulted  in a drought 
that was never observed  before. 

Braak's ™>rk was continued^ Berlage   (Verhandelten van 
het Koninklyk Magnetisch en Meteorologisch übservacorlum—tre- 
Batavia')": ' He was especially engaged  in finding a relation- 
ship  between the  amount of   precipitation during the eastern 
monsoon on Java and a deviation of temperature  and pressure 
from the norm at various regions of  the  Indian and Pacific 
Oceans during the preceding months.    He also considered 
the role of  solar activity.    The regression equation that 
was derived ^ieldrd positive results prior  to 1925.    Later 
However,  the quality of  the forecasts deteriorated  sharply 
as the physical nature of  the relationships that he. estab- 
lished remained unclear. 

A certain perfection of  the regression equations Was 
c onducted by Boer.    As a result,by using them it was possible 
to predict on     1   September the.early advent or the tardi- 
ness of  the normal •  rains of the mon- 
soon period   in terms of  10  day periods.    Similar   investigation 
for  the forecast of precipitation  in the region of Java,' 
Madura,   the   Islands of   Celebes, and     Borneo were  conducted by 
Euwe.                                .■■'.■• 
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„0~   
Elen thouZh   such relationships do 

represent a certain practical  interest     »-t-v^■'««, ^J-T- -, 
nought tat a . few indubitable Seleses''.    The TeT^Vor* 
thelaet'tSTthe001"11118 £° See^.K.,is PärJallydueto üne iacr  tnat  the researchers hari  a-»- H--ho-?v,  £•* ~    -. J 

VIII    The Netherlands 
fow««.'^ r ij st. at tempt to evolve a method for long range 
in t?e wSS^i   *?  temPerature f<*   the  forthcoming SinSr 

the northeast trade wind observed north of the LlfL SL< 
S^thHSrV thS  SUbse^ent a*  tem?erae?urae0ind^o|e 
aLd L Se fact  tS,f ?rnCe ?£ tMs relationship was mot?v-P 

basic*«.««£«££ S^    Jh    northeastern trade wind was the 

casts or^te^^fJ*" rlatJ°nShip Galle  compiled fore- 
1915 191 ßä-»?*? J^P^ature  in Europe for  the winter  of J.y±5-1916 which had a  comparatively high deeree  of  «oi,,™,,.,. 
However      he  success of subsequent forlcas?! was ratner mM# 

dling.     in addition to that  the verifI^HL O5 JL- ■.   i. 
ship on the basis of a new serLI (^Jor  tf 19^)   inl?ca?n~ 
ed an almost  complete lack of  success ■    indlcat- 
directed^BJa^3^?^10"3 ?? th*   in<^ated problem were 

where a minimum number of  sun spots are  evil en t      AftJ^L 
time when there are  a maximum number of sun    Sots fd^W 
period,with a minimum of r^in,comes abouHetween ?he max 
imum and minimum evidence of  s'un  spots»..    Howeve?    vlr?? 
ication of  these rules in prognostic work  indicated their 
extremely low effectiveness. ■      ^eir 
^  „<J^Ubseq^?ntly'  Re7tsma,Visser  and  Berlage worked on 
the give;, problem  at various'tlmes .     They basSd themselves 
on a>consideration of the periodicity in changes of^Selr 
Sipfl1°S1«l^

ent8,and alS°  eVOlved various  tyfls of stalls! 
til IZelatJonshiPs and regression equations.    For exampl! 
the temperature  of the   air    at DeBilte and  the avera^       ' 
amount of  precipitation throughout was S^allf wf?h 18 
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elements at different parts of the world. Among them were 
the air pressure at the Azores Islands, the difference be- 
tween the pressure at the Azores Islands and Iceland, the 
water level in the Nile River, the temperature on the Yan- 
Mayen and others. The regression equations were compiled 
for forecasting temperature and precipitation for a period 
of from one to three months  in advance. ., 

At first the forecasts compiled on the basis of  these 
equations were considerably successful.    However,• their 
subsequent correctness bEcame ratherlcw .    As  a result of this 
the authors  came to   the  conclusion  (^^ ¥< rfetifra, Vereaohtijigen op. 
Lange Tenai.1n,   (lion. ITeclerl. l.oteorol Inst. Jeiiilt, WSfT, i4o"T37T)    - 
but   it was  Impossible  to  successfully resolve the problem of 
forecasting not only for  the Netherlands but for  other 
countries of the world  as well  by this method.     It  is rather 
difficult not to agree with this deduction.   • 

IX. Japan 
According to the  available  information forecasts 

in Japan are compiled for  ten day periods with detailed in- 
formation for each day,  forecasts are also  compiled for per- 
iods covering a month with detailed information provided on 
the  basis of ten day periods, the forecasts covering periods 
of a month included detailed  information on a basis of  ten 
day period",   the forecasts for, three month periods contained 
details on a monthly basis : forecasts were   also   issued for 
six month periods. 

Methodical   elaborations utilized  in the  compilation of 
such forecasts are based on a consideration of  the periodicity 
and changes  in meteorological  elements.as well  as on a formal 
extrapolation of data at a   single point.  . Usually,   «fc first, 
the deviations from average values of pressure  ana  temperature 
for  the preceding periods of five days duration are determined. 
Then these deviations are   extrapolated  ;;ith the  aid of 
periodicities of 20,   25,   35,  45,   and 65 days. 

A verification of the correctness of forecasts for 
the period from February    to October 1952 was conducted.  It 
was revealed that the temperature forecasts were correct  in 
70% of the cases whereas the correctness of pressure fore- 
casts were correct  in slightly more  than 50$ of the cases. 
Forecasts of precipitation,  however,   proved to be completely 
unsatisfactory. 

X. England 
 In England there was a. extremely skeptical  attitude to- 

wards the possibility of  successful  compilation of long range 
weather forecasts.    The  prevalent point of view on this problem 
was expressed by Robert Watt whos in June of 1952, at  the Con- 
ference on Problems of  Industrial Natural  Sciences,stated  as 
followsj 
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forecasts covering a neflor,  of %   '•pj"Le ancrpuolish 
covering a  «i Jnv Se^Jf 7 £ 3 days,   -A forecast 
comDil^ «%LoJy ? ri d is a dream and'  ^ order to compile a forecast covering a 5 week period••   ?+■  ?« 

?aluae^.neCeSSary t0 ***** t0 averag^cSatic  *' 

^ T?f Prevalence of such a viewpoint regardi«B- 
this problem is apparently the reason X relSar  S 

long-range weather  forecasts are not issued fn 

aucts a discussion of forecasts for  the subsequent 

The methodical basis for »Le forecasts"^ founded 

Aeea„oteTy ?1 iseVb1s°,Sent"'  PrOI>03ed ^ Sufol?fIt C    B lNOüe/.     it  is  based on a consideration  n-r +-v« 
aependenoe between the therms! rtnT^ab'SsSfa on 
ment and   a°,,V? 52° *° 100° ab  <*"** »* ?he deveXop- 
^faefofS ^P^™ formations  close  to  th? 

of the ^ÄSJW ^SÄ^lSS"'1 

darived'are lÄx V^^1*"^"^ that'were 

£?£     eillj   H ?S   cerL^cfrJrsSnc^s 

n?? ^      2a? arö the  lnitlal  ctertS for the com! 
pilation of the forecast for  the second day and so 

„..,,.    p^hods used in other   countries are not 
utilized  in England  since,   according to the opinion 
L/1^ ^ete°rologists,  the  country occupils a SJs? 
unfavorable geographical  positionier  ttat p\rposf 
Sli?or-f0re  the re«ulari.tiea obtained for  o?her 
territories may not be effectively be  applied hire 
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CONCLUSION 

The mater lal  that was: presented in the. first 
and second parts of this book permits the certific- 
ation of the material'progress that has occurred in 
the  study of the general circulation of the at- 
mosphere over  the past 15 to 20 years» 

A direct result of that  is the fact that by 
the present time a series of new methods for long- 
range weather forecasting have been developed which 
are founded on the regularities of the general  cir- 
<öaaM£8& of  the  atmosphere and which provide the  op- 
portunity to compile more perfect forecasts then 
was possible under  the former methods based on 
regional  associations or on .other associations of a 
statistical nature. 

This not only provides the opportunity to 
properly outline a path for further  investigations 
in  su"h important  and closely interrelated  problems, 
but  it also  inculcates certain hopes for  the  pos-     • 
sibility of a   substantial   increase  in the  quality of 
long-range weather forecasts  in the very near future. 
An especially important contribution towards the 
solution of  the  indicated problems was made by 
Soviet  scientists.     In our  country hydrodynamio 
methods are  also developed along with the comparat- 
ively effective  synoptic methods. 

International  cooperation a long the meteor-      ■ 
ologists  is also of essential   significance to the 
solution of these problems.     A wonderful  example of 
such cooperation  is the  International  Geophysical 
Year   (IGY), which permitted the  collection of 
many simultaneous complex observations over  the 
entire globe that are extremely necessary for a 
substantial extension of our knowledge of the regu- 
larities inherent in the general circulation of the; 

atmosphere.     In this case,   an  invaluable contribution 
was made by Soviet  scientists who provided the  op- 
portunity to   study the  atmosphere of the  earth and. .. 
the planets with the  aid of new methods,   specifical- 
ly sputniks,   as well  as meteorological  and cosmic 
rockets. 
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and e^ZtZ^ZfllTl^Ts ^-tenais beneficial. scientists will be most 

vestigawonf S^L*?^? ^v°lvea *= «» further  to_ 
the aSthorTare a^oS^ Pr0bl9»3'  according to 

1)   A multilateral full-seal <=>  cf,,^„ «*  ^.i. 

lone to it^varloufreSoTe3*1?? SST'tb?  °°ndlt- 
is necessarv to bear  iS ™V^* *w\ he same ttoe»  « 
synoptic processes^W »™ J^* re«ular«les'in 
■aay L properly oomprlhenlSa SniTf to mal1 reSlons 
thev ar>p  ^„^L  „     •     ! n1^ ^ cases where 

aSonpro^^ril^e^hrt^^r^uelnr63"6- tio  sense.    The aerosynoptlo inveI?WH-^      Prognos- 

theory In JhTgen^JcufatA ^Ä* 

-atLrth?orrecastrn0r9te ™™° *- S^SZg"" 

*• ÄlcVE^'S,^tf£^ctors^T1**10" 

in time. cnange of  such a physical  essence 

regularlii^s^Mch^m r£:«*Teaaea the 

weather forecasting aÄatoat \  w£      * ^ended 

scale processes Sf ?l|uLrities°of wM 1°^ a?rser 

in   chat  case forecast methods for   foreisJfS   * 

in the  P?ogSos?ic wo?ke  
1:L1   SUpplement e^ other 

4)   A  study of the nature of the  anomalies 
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in the development of the general  circulation of the at- 
mosphere and the1  associated anomalies of  the weather 
conditions  in the various regions of  the globe. 

5) A study of  the regularities inherent, in os- 
cillations of the general  circulation of the atmosphere 
taking place over many years and the related changes 
in the atmosphere and the hydrosphere.    The knowledge 
of such regularities will permit not only to  improve 
the quality of the methods of extended hydrometeor- 
ological forecasts but will  also provide the possib- 
ility to extend.them to cover  a period of up to a 
year,  or  several years,   i.e.  it will permit an ap- 
proach to the  solution of the problem of extra long- 
range forecasts, 

6) A study of  the peculiarities of atmospheric 
circulation in artificially created models of our 
planet and the verification of  the resulting regular- 
ities under natural  conditions by the establishment 
of corresponding complex observations, 

7) The organization of   systematic   simultaneous 
observations (similar to those which were  conducted 
according to the IG^ Program)   throughout the world 
which yield an understanding of the constant  changes 
in time of all the  active factors of terrestrial and 
cosmic origin.    It  is necessary that these observat- 
ions be  immediately processed at an  international 
center,  published and transmitted to all'scientific 
meteorological  institutions of  the „world for  further 
study. ■•:..;..'' 

■•-•■■    8)   A rational  utilization of  efforts and 
financial  expenses of the various countries for meteor- 
ological research in order  to  accelerate and p ;r^   it 
the  collection' and processing of  primary materials. 
At  the   same time,   it   is necessary to bear   in mind that 
the rational distribution of weather   stations over1 the 
globe and the nature of observations carried out by 
them,    at the present time has an incomparably greater 
significance for   science than an increase  in the 
density of the net in  isolated'regions' and countries 
limited  in area. ■.''''-'-,■■*.„• 9)   A wide-spread utilization of  electronic 
computers and other new technical means  suitable for 
the analysis and observations of the necessary type 
and accuracy. 
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